University of Wollongong

Research Online
University of Wollongong Thesis Collection

University of Wollongong Thesis Collections

2013

Delivering the vision of sustainable buildings
Haleh Rasekh
University of Wollongong

Recommended Citation
Rasekh, Haleh, Delivering the vision of sustainable buildings, Master of Civil Engineering - Research thesis, School of Civil, Mining
and Environmental Engineering, University of Wollongong, 2013. http://ro.uow.edu.au/theses/4025

Research Online is the open access institutional repository for the
University of Wollongong. For further information contact the UOW
Library: research-pubs@uow.edu.au

Delivering the Vision of Sustainable Buildings

A thesis submitted in fulfilment of the requirements
for the award of the degree of

Master of Civil Engineering by Research

From

University of Wollongong

By

Haleh Rasekh
BEng (Civil)

Faculty of Engineering and Information Sciences
School o Civil, Mining and Engineering

2013

THESIS CERTIFICATION

I, Haleh Rasekh, declare that this thesis, submitted in fulfilment of the requirements for
the award of Master of Civil Engineering by Research in the School of Civil, Mining,
and Environmental Engineering, Faculty of Engineering, University of Wollongong, is
whole my own work unless otherwise or acknowledged. The document has not been
submitted for qualification at any other academic institution.

Haleh Rasekh
28 August 2013

I

ACKNOWLEDGEMENTS
I would like to express my deepest appreciation to my thesis supervisors Prof. Timothy
McCarthy and Prof. Paul Cooper, Faculty of Engineering, University of Wollongong,
who provided me the opportunity to conduct my thesis. This thesis would not have been
possible without their technical support, generous help, tolerance, and encouragement
during the period of research work. Besides academic issues, the good advice and
friendly attitude of my supervisor, Prof. McCarthy, on personal level have been
invaluable, for which I am extremely grateful.
I would also like to thank delivery and design team of the SMART Infrastructure
Facility and the Sustainable Buildings Research Centre, University of Wollongong, for
their cooperation, and sharing their knowledge and experience with me.
My parents have provided me unconditional love and support from long distance.
Special thanks I give to my brother Hooman, for his continuous inspiration and support
in all aspects of my life. His great personality has deeply influenced my attitudes and
ideology.
I would like to offer my special thanks to my colleagues and friends Maryam
Ghahramani and Shiva Pedram in promoting a welcoming academic and social
environment.
Finally, I would like to dedicate my thesis to my parents. Their spiritual support enabled
me to overcome all difficulties I encountered during my Master period.

II

ABSTRACT
This research concerns the delivery of sustainable building projects. These projects are
defined as those which either attempt to achieve a green rating or try to address certain
sustainability issues. Two sustainability rating systems, Green Star from the Green
Building Council of Australia and the Living Building Challenge are considered.
The research examines a number of completed projects and looks at one project nearing
completion. These include 18 residential buildings which were the subject of television
documentaries in the series Grand Designs. One completed university multi-purpose
building (the SMART Infrastructure Facility) and an advanced research facility, the
Sustainable Buildings Research Centre (SBRC) are examined. The methodology used
for these two projects is semi-structured interviewing of key participants and
stakeholders. The 18 residential buildings were studied by reviewing the television
series episodes against a number of sustainability and construction criteria.
The results show that an additional contingency of 40% of the estimated cost should be
considered for residential buildings to enable the project to be successfully constructed.
Using professional groups for building design and construction is another key factor to
achieve the aim.
The outcome confirms that the SBRC is more innovative and challenging than the than
SMART Infrastructure Facility because it achieves the highest sustainability features
such as net zero energy and net zero water. On the other hand, achieving net zero energy
and net zero water need requires certain specialist equipment which makes the SBRC
significantly more expensive than the SMART Infrastructure Facility per square metre.

III

Finally the results from the interviews show that environmental rating systems are
useful tools to construct reasonably sustainable buildings. The interviewees believe,
however that for their next project, their concern would be to go beyond strict criteria of
the environmental rating system in order to construct a truly sustainable building.
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Chapter 1

Introduction

Chapter 1
Introduction
1.1 Introduction
This thesis is a study of how sustainable building projects are delivered and assessed. A
key focus is to examine how the client’s vision for sustainability is achieved or
compromised by the practicality of construction. It covers the progress in sustainable
building construction during the second decade of the 21st century.
A sustainable building is defined as a building with minimum negative impacts on the
natural surroundings, materials and resources. This kind of building does not deny
human needs because it considers human existence to be part of nature; rather, it is
constructed in line with the idea that humanity can exist, multiply, build, and prosper
with nature and the earth’s natural processes without damaging the long term
habitability of the planet (Press, 2006). In order for a building to be considered as a
sustainable building, it must display certain characteristics and probably needs to be
assessed under a rating framework.
Sustainable buildings reduce the destruction of natural areas, habitats, and biodiversity,
air pollution, water pollution, solid waste and they lower operating, maintenance, and
environmental costs. The use of natural resources is minimised because renewable
energy sources are used instead of non-renewable natural resources such as land, water,
and construction materials. This kind of building minimises negative outdoor
environmental impacts such as greenhouse gases, global warming and acid rain as well
as maximising the quality of the indoor environment and thermal comfort. A
1

Chapter 1

Introduction

sustainable building also generates better long-term economic value and greater human
satisfaction and productivity (Garzone 2006, Kibert 2012).
On the other hand, there are some challenges and difficulties in delivering a vision of
sustainable buildings. In 2007, Alnaser and Flanagan found that the main challenge was
the lack of knowledge that the architects, contractors, policy makers and users had
about sustainable buildings.
In this research we have tried to find out whether this lack of knowledge is a problem in
Australia after 10 years of having a Green Building Council. In addition this research
examines what the other challenges are for constructing sustainable buildings. Two
Australian case studies are covered in some detail and the research includes a review of
some UK residential buildings as portrayed in the Grand Designs television show.

1.2 Aim and Objectives
The aim of this research is to investigate whether there are special challenges in
delivering highly rated sustainable buildings.
The main objectives in this research are:
-

To review sustainable development and research related to this topic

-

To analyse environmental rating systems

-

To study projects that do and do not use rating systems

-

To review and analyse case studies from Grand Designs

-

To analyse two first-hand studies: the SMART Infrastructure Facility and the
Sustainable Buildings Research Centre (SBRC)

2
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To describe the lessons learned from the case studies and from the people involved
in these projects through a series of interviews

-

To describe potential solutions for the difficulties encountered when constructing
sustainable buildings

1.3 Research questions
This research aims to answer the questions:
-

Is a sustainable building project necessarily innovative?

-

What are the opinions of various people involved in creating sustainable buildings
to solve the challenges and difficulties?

-

Do the architects, contractors, etc. have sufficient knowledge about sustainable
building?

-

What are the drivers and barriers for sustainable buildings?

1.4 Scope
The research is limited to residential, institutional, and commercial buildings and each
of these is examined in a separate chapter. The literature review covers the residential
and commercial case studies. Chapter 4 analyses the television show “Grand Designs”
as a data source about constructing sustainable and innovative residential buildings.
Chapter 5 reviews and analyses two institutional buildings at the University of
Wollongong: the “SMART Infrastructure Facility” and the Sustainable Buildings
Research Centre (SBRC).
In addition, the scope of this research is limited to two environmental rating systems,
the Green Star (Green Building Council of Australia 2012) and the Living Building
Challenge (International Living Building Institute 2010). Green Star is Australia’s main
3
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building rating tool and the Living Building Challenge is a standard that comes from
America. The SMART Infrastructure Facility is aiming to be a 4 Star Green Star
building while the Sustainable Buildings Research Centre is targeted to be a 6 Star
Green Star and also a Living Building Challenge certified project.
These two rating systems are defined in detail in the literature review, and the buildings
which are certified by them are analysed in Chapter 5.
The scope of this research is based primarily on qualitative data from the literature
review, Grand Designs, the SMART Infrastructure Facility, and the Sustainable
Buildings Research Centre. There are some quantitative data in the literature review and
Chapter 4 related to an analysis of 18 residential buildings from Grand Designs,
however the results of this research are primarily qualitative.

1.5 Thesis outline
This research is consists of seven chapters:
Chapter 1 consists of the introduction, aims, research questions and thesis outline.
Chapter 2, the main literature review, covers the area of sustainable development and
research into the benefits and challenges of delivering the vision of sustainable
buildings. In addition, this chapter covers a range of environmental rating systems, and
focuses on the Green Star and Living Building Challenge in more detail.
Chapter 3 explains the various possible methodologies for this research, and
investigates which method is the most suitable based on time, budget, and the research
situation. This chapter also looks at the strengths and weaknesses of this methodology
and explains why the case study methodology is an appropriate method for this research
4
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Chapter 4 gives an analysis of “Grand designs”. Grand Designs is a British television
show which gives us a rich dataset and documentary about delivering the vision of
sustainable and innovative residential buildings. This program shows the way people
design and construct their desired house, usually from the first stage of building
construction up to the end.
Chapter 5 considers the two first hand case studies: The SMART Infrastructure Facility
and the Sustainable Buildings Research Centre. This chapter consists of an analysis of a
4 Star Green Star office building and the SMART Infrastructure Facility. This chapter
also covers the Sustainable Buildings Research Centre, which aims to achieve the
highest level of sustainable building by confirming the requirements of the Green Star
and the Living Building Challenge accreditation process. The actual research in this
chapter is on real projects and interviews people who were involved in these projects.
Chapter 6 presents a discussion drawing together chapters 2, 4, and 5. The discussion
highlights the key findings from the literature review and case studies. This chapter also
answers the research questions and offers solutions for delivering sustainable buildings.
Conclusions and recommendations for future research are outlined in chapter 7.

5
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2.1 Introduction
The aims of this chapter are to review the literature concerning the identification and
calculation of the environmental impact of buildings. The literature presents some solutions
for sustainable development and it also covers sustainable rating systems.
The chapter is organised as follows: section 2.2 Environmental impact of buildings, section
2.3 Sustainable developments, section 2.4 Environmental rating systems, section 2.5
challenges for constructing sustainable buildings, and section 2.6 Summary and conclusion.
It will be shown that the majority of the literature focusses on the positive aspects of
delivering sustainable buildings. There is a very little published material covering the
challenges and barriers to deliver sustainable buildings. Before considering the positive and
negative aspects of delivering the vision, it worth to describe what is meant by sustainability
and sustainable buildings.

2.2 Environmental impact of buildings
The building sector contributes about a quarter of Australia’s total per capita emissions of 28
tonnes of CO2 emission per year. Furthermore, Australia has the highest per capita emissions
among all the developed countries (Bremner, et al. 2010).
The most important impact of buildings and building products has been shown to be:
-

Global warming

-

Resource depletion
6
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-

Indoor air quality

-

Ecological toxicity

Table 2-1 and 2-2 show the causes and results of this environmental impact based on the
research of Sharma et al. (2011), Ross et.al. (2002,) Bengtsson et al. (2010), Bloech (2003),
Houghton et al. (2001), Friedman et al. (1995), and Khasreen et al. (2009).
Table 2- 1: The causes of the environmental impact of buildings and building products
Environmental
impacts

The causes of the environmental impact of buildings and building
products
Global warming is a consequence of the manufacture of greenhouse gases

Global warming

such as large quantities of carbon dioxide and other greenhouse gases such
as methane, nitrous oxide (NOx), sulphur hexafluoride (SF6), and hydro
fluorocarbons (HFCs), from human activities such as burning fossil fuels,
deforestation and changing land use. Transporting materials during
building construction and heating and cooling during occupation phase
need to burn fossil fuels which are source of global warming.

Resource
depletion

Resource depletion is an environmental impact of buildings and building
products as a reason of resource extraction, such as aggregates and fossil
fuel
Indoor air pollution is caused by emissions from office furniture, flooring,

Indoor air
quality

paints, and coatings, adhesives, and sealants, wall coverings, office

Ecological
toxicity

Ecological toxicity has 3 different places of impact, fresh water, the marine

equipment, wood product, and insulation materials.

environment and terrestrial locations due to discarded building products.

7
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Table 2- 2: The results of the environmental impact of buildings and building products
Environmental
impacts

The results of the environmental impacts of buildings and building
products
Average global temperatures have increased by 0.74°C in the last 100

Global warming

years. Global temperatures will increase by additional 1.1°C in a low
emissions situation and by 2.4°C in a high emissions situation by the end of
the century.

Resource
depletion

Mining natural resources to acquire raw materials can disturb the
ecosystem and cause environmental pollution through contaminated solids,
liquids or gaseous wastes.
Volatile Organic Compounds (VOCs) cause poor conditions in the

Indoor air
quality

buildings as a reason of poor air quality caused by air-tight construction
and off-gassing in different parts of the building like floor, wall, furniture
systems, and office machinery.

Ecological
toxicity

Ecological toxins have harmful impact on water, and air, and threaten our
health and the environment. Moreover, ecological toxicity has an overlap
with acidification, photochemical smog, and ecological diversity.

As mentioned in section 2.2, buildings have large negative environmental impacts and
nowadays there are different methods used to calculate them. In the following section the
research for calculating the environmental impact of commercial and residential buildings,
including their methodology will be discussed.
2.2.1 Calculating the environmental impact of a six storey commercial building

Scheuer, Keoleian and Reppe (2003) did research to find out the environmental impacts of
commercial buildings in their life cycle for the consumption of resources, air emissions, and
solid waste generation.

Data was provided for building characteristics, such as floors,

exterior walls, and then a Life Cycle Assessments (LCA) was conducted in accordance with
US EPA, SETAC, and ISO 14040-1997 and ISO 14041-1997 (Vigon et al. 1993) (Adrews
1993), for the life cycle assessments. Data were mostly provided from the DEAM TM
8
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database (Ecobilan 2001) and other material production data from the database at the Swiss
agency for the Environment, Forests and Landscape (SAEFL 1998), SimaPro software (PRE,
SimaPro 2000), and from a Franklin Associates report (Franklin Associates 1990) to analyse
a six-story 7300 m2 building located at the University of Michigan Campus. The basement
and the first three floors are used as classrooms and open-plan offices while the top three
floors are used as hotel rooms. The scope of the research was limited to the building itself,
which consists of the structure, envelope, interior, and backfill. In addition, the energy
consumption required for heating, cooling, and air conditioning were considered to be
constant for the 75 years of the building’s life time.
Scheuer et. al.’s research provides data for the life cycle mass and embodied energy for the
building materials as well as the environmental impact of the building like its potential for
global warming, ozone depletion, acidification, and its potential for nitrification. Moreover
the operational characteristics such as heating, cooling, lighting, ventilation, water supply,
water heating, and wastewater treatment were calculated as well.
The analysed data from this research showed that 94.1% of the initial embodied energy, and
93.6% of life cycle embodied energy requirements were from materials, while steel, cement,
and sand had the highest amount of primary energy in the building because of the large
amount used in the building.
In addition the operational energy was 97.7% of primary energy for 75 years of its life; this
amount shows that the highest amount of energy used in the building was during the
operational phase for heating, cooling, and electrical use.
And the last part of this research showed the environmental impacts of the building during its
life, which consists of Global warming potential (GWP), Ozone depletion potential (ODP),

9
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Nutrification potential (NP), Acidification potential (AP), and Waste generation. The results
from this research are summarised in figure 2-1.

Figure 2- 1: Distribution of the life cycle environmental burdens for five impact categories
(Scheuer, Keoleian and Reppe 2003)
The final result from this research showed that occupation phase has the highest amount of
inventoried environmental burdens for more than 83% except for waste generation. This
result from one building is considerable and shows the high environmental impacts of
buildings.
2.2.2 Environmental impact of 78 residential buildings

Haapio and Viitaniemi (2008) analysed the environmental impact of different building
materials over the life time of the building to find out which building material is the most
eco-friendly. In this research 78 single-family houses with different wall insulations, cladding,
window frames, roof materials, and different length of service life from 60 years up to 160
years were analysed. The interiors and main structures were assumed to be the same for the
buildings.

10
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This research was done with the life cycle assessment (LCA) based tool ATHENA ®
Environmental Impact Estimator (EIE) Software Version 3.0.2., and Microsoft Excel was
used for additional calculation because with EIE only five buildings can be compared at a
time. ISO Technical Committee (TC) 59 Building and its Subcommittee (SC) 17
Sustainability in building construction were the sources of data for the standardised
requirements for the environmental assessment of buildings. In addition the Technical
Committee (TC 59) with Subcommittee (SC 14 Design life) was the source of the
standardised equipment for planning the service life planning. ISO 15686 series Building and
constructed assets Service life planning (e.g. ISO, 2000, 2001) were used to plan the service
of the buildings (ISO 2000) (ISO 2001).
In order to simplify the calculations the materials are categorised as shown, in Figure 2-2.

Figure 2- 2: Materials of analysed buildings (Haapio and Viitaniemi 2008)
The environmental impact of buildings with different materials was calculated, with the
results showing the high environmental impact of buildings when it is possible to choose the
best materials to use, such as:
-

Wall insulation: cellulose (exterior), fibreglass (interior)

-

Cladding: wood tongue and siding

-

Window frame: wood frame window
11
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Roof material: steel or concrete tile; the result for the roof materials was not defined
exactly because steel has a lower environmental impact than concrete but its water
pollution is significantly higher than concrete.

2.2.3 The results from case studies on the environmental impact of buildings and
building products

The results from the studies show that buildings and building materials have a large impact
on the environment during their lifetime. There are different methods for calculating these
environmental impacts and a lot of research has been done which gives quantitative data
about them. For example, Junnila and Horvath (2003) did research on a new high-end office
building over 50 years of service life to find out its environmental impact. Furthermore, a lot
of research compares different building materials to discover which are the most eco-friendly
to use in building construction. Gustavsson and Sathre (2005) studied a wood and concrete
framed building to find out which was the more environmentally friendly material based on
their energy consumption and CO2 emissions for manufacturing, and their use. This research
showed that wood is more eco-friendly than concrete. Further research was done by Vukotic,
et al. (2010) who compared two simple single storey structures to each other. The first
building was a timber load-bearing panelled wall, and the second one was a steel frame
building with concrete blockwork. The aim was to find out the embodied energy and carbon
dioxide of the buildings over their lifetime, and to find out which stage of a building’s life
consumes the highest amount of embodied energy. The result showed that a timber framed
building was more efficient, and the end of a building’s life is its most important stage.
Therefore all this research shows that buildings have a large environmental impact during
their life and it is our duty to decrease these environmental impacts to protect the world for
current and future generations. So many researchers have tried to find a way to decrease these
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environmental impacts, and sustainable development is a solution, which is discussed in the
following section.

2.3 Sustainable development
In the World Commission on Environment in 1987, “Sustainable Development” was defined
as “meets the needs and aspirations of the present without compromising the ability to meet
those of the future”. Figure 2-3 shows a diagram of the “Triple Bottom Line”, which will be
described in the following paragraphs.

Figure 2- 3: Triple Bottom Line Diagram (Rodriguez, et al., 2002)

Much research has been done to define sustainable development, including its different
aspects and life cycle analysis by Ortiz, et.all. (2009), Nganwa (2002), Appleby (2011),
Kinter (2008), Miller (2008), Li (2005), Scenck (2005), Abele, et al. (2005), Oyeshola, et al.
(2008), Traverso, et al. (2009), Gabel, et al. (2002), Linton (1999), Dreyer, et al. (2006),
Azapagic 1999), McMahon et al. (2009), Cheng, et al. (2006), Rajendran, et al. (2009),
Brophy, et al. (2011), Colledge, et al. (2008), and Ballesteros, et al. (2009).
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Their summary is that Sustainable Development is a way to improve the quality of our life
and provide a healthy environment for people to live in. Sustainable development improves
different aspects of our lives such as the social, economic, and environmental situation for
current and prospective generations.
Sustainability can also be connected to business, which is referred to as “Triple Bottom Line”.
In this definition the “Triple Bottom Line” integrates the economic, social, and environmental
impacts, and balances them in different aspects ranging from health to convenience. The
different aspects of the “Triple Bottom Line” are social sustainability, economic
sustainability, and environmental sustainability.
2.3.1 Social sustainability

The UK Department of Communities and Local Government (CLG) define a sustainable
community as a place for current and future generation to live, work, keep the environment,
and provide high standards of living for all people with fairness. A community needs
different facilities and amenities so that their occupants can satisfy their basic needs as well
as providing a shelter, and it is important that the community provides safe access to shops,
schools, healthcare facilities, community, social, and recreational facilities, transport node,
primary schools, doctor’s surgery, post office, pharmacy, play areas, banks, cash points,
leisure centres, places of worship, public houses, open access etc. (Government, 2012).
2.3.2 Economic Sustainability

Some studies show that sustainability and economic growth are mismatched objects because
economic developments such as new businesses, jobs, and construction result in carbon
emissions and resource depletion, which are against sustainability. In contrast to this
definition economic development can be defined as a way to enhance welfare over time.
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There are a number of items to consider in businesses and jobs, and etc. to save money as
well as enhance a company’s ability to be environmentally friendly.
1. Improving technology helps remove non-valuable activities from the production process
of a company, business, job, and etc. This saves time during production activities and
increases quality by reducing the number of returned products and decreasing the amount
of transportation. It is obvious that a reduction in unnecessary production and
transportation will reduce impact on the environment.
2. Developing technology helps to reduce the cost of raw materials in favour of using
recyclable materials to decrease the cost and environmental impact.
Economic sustainability and social sustainability are connected with each other because
economic issues have a considerable effect on social factors such as property crime and the
quality of services and facilities.
2.3.3 Environmental Sustainability

There are some methods and tools which can be used to measure and compare the
environmental impact of human activities for a variety of products used. Environmental
impact includes different parts, such as emissions into the environment, consumption of
energy in different aspects of life, use of resources, production of greenhouse gases from
different products, acidification, eutrophication, destruction of the ozone layer, and etc.
Building products have different uses in buildings. The durability, heat, and sound insulation
of building products and their influence on the quality of the inside air is completely different.
Therefore, balancing useful items in a natural way to minimise their harmful effect on the
environment as well as considering their cost for service during their life cycle is essential.
LCA as a measurement tool calculates the environmental impact of products during their life
cycle from beginning to end. Different natural resources such as energy resources, water, land,
and minerals are considered in LCA. The result of an LCA study is called an “ecoprofile”.
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The ecoprofile considers key environmental issues such as climate change, toxicity, depletion
of fossil fuels and water resources.
In the following parts some studies are discussed to show the benefits of constructing
sustainable buildings.
2.3.4 Comparison between sustainable and traditional buildings

Coimbra and Almeida (2013) demonstrated the positive economic and environmental aspects
of constructing sustainable buildings. They chose the case study methodology and compared
two Portuguese cooperative houses to each other. One house was traditional while the other
was a building with sustainable features. These buildings were almost the same in size and
orientation but their facilities were different.
The results showed that the sustainable building needed 60% less energy and 70% less
natural gas per square metre than the traditional building, while the primary energy for the
traditional building was 50% more than the sustainable building.
In this research the payback period was calculated. Therefore the solar gains in summer and
winter, heating needs in winter, cooling needs in summer, solar gains, and collectors, and
Domestic Hot Water (DWH) needs were calculated in KWh/year and the annual cost was
calculated based on the price of electricity and natural gas at €0.19/kWh and € 0.075/kWh at
the time of the case study in September 2012. Thus the annual cost of heating, cooling and
DHW per square metre of area for the sustainable dwelling was 58.5% lower than the
traditional one (€9.86/m2 against €23.75/m2), and the monthly average saving for the
dwelling in an area of 75.00m2 was €86.81. This saving was mostly because of highly
efficient materials and equipment, which were calculated as €73095.59 and the payback
period would be 2.3 years; so it would be highly efficient to construct sustainable building
compared to traditional building.
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2.3.5 Sustainability in 11 commercial and institutional buildings

Further research was done by Baird and Field (2013) on the thermal comfort conditions in
sustainable buildings. They analysed 11 commercial and institutional buildings in different
parts of the world. Many of these buildings were highly certified as regards to sustainability.
One building was 40 Albert Street and 60L, Melbourne, Australia.
The methodology used for this research was to send questionnaires to the occupants of the
buildings; around 2500 people responded but the number of responses for different places
was completely different. The questions were about thermal comfort, which included
temperature, air quality and overall conditions in summer and winter.
The results from this research showed that the consequence for these set of sustainable
buildings were good for both summer and winter. The results for thermal comfort were very
good but there is still room for improvement to achieve higher score for the buildings.

In this part of the study different research was discussed and the results from the case studies
for commercial and residential buildings show that constructing sustainable buildings can
help decrease the environmental impact of buildings and provide a comfortable place for
users and occupants.
There are different environmental rating systems all over the world which helps in the
construction and maintenance of sustainable buildings.
In the next part of this chapter some environmental rating systems are discussed and the
research related to them is analysed to determine the results of using these environmental
rating systems.

2.4 Environmental rating systems
There are many building evaluation tools all over the world which focus on sustainable
development to provide guidelines for sustainable buildings. Of these environmental rating
17
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systems, only a few of them are in common use around the world, for example BREEAM and
LEED (Nguyen and Atlan 2011). Nguyen and Atlan (2011) reviewed some environmental
rating systems, which are mentioned in the following part:
BREEAM (Building Research Establishment’s Environmnetal Assessment Method) was the
first environmnetal rating system developed and used all over the world. It commenced in the
UK in 1990 and is still the most popular rating system. BREEAM provides guidelines for the
design, construction, and operational phase of sustainable buildings. More than 500,000
projects are registered and 110,000 of them are certified, which shows the popularity of the
BREEAM rating system.
Another worldwide environmental rating system is LEED (Leadership in Energy and
Environmnetal Design), which was developed by the U.S. Green Building Council (USGBC)
in 1998. This environmental rating system provides standards for constructing sustainable
buildings. The number of projects registered and certified by LEED are 27,000, and 4,400
respectively.
There are many more environmetal rating systems all over the world. In the next section, 2
different environmental rating systems are discussed in detail, which are related to the chapter
five of this thesis. These environmental rating systems are:
-

Green Star environmental rating system

-

Living Building challenge

2.4.1 Green Star Environmental rating system

The Green Building Council of Australia (GBCA) commenced in 2002 to develop a
sustainable property industry in Australia and drive the adoption of green building practices
through market-based solutions.

The key objectives are to drive the transition of the Australian property industry towards:
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Sustainability by promoting green building programs, technologies, design practices, and
operations.



Integration of green building initiatives into mainstream design, construction, and
operation of buildings.

In order to achieve these objectives the Green Building Council of Australia launched the
Green Star rating for buildings in 2003. The Green Star rating tool helps the property industry
to reduce the environmental impact of buildings, improves the health and productivity of
occupants, and achieve real cost savings, while show casing innovation in sustainable
building practices.

The Green Star vision was to create an Australian green building-rating tool to compare
sustainable buildings easily by using best practice benchmarks already in.

Green Star rating tools are currently available or in development for a variety of sectors
including commercial offices (design, construction, and interior fit outs), retail centres,
schools, and universities, multi-unit residential dwellings, industrial facilities, and public
buildings.


Green Star categories

A wide range of environmentally sustainable issues are associated with the Green Star rating
tools, such as the quality of indoor air, energy efficiency, transport, materials, water, and etc.

Generally there are eight category scores and the overall score is determined by adding all the
points from these eight score plus innovation points. Figure 2-4 shows the eight categories
and the rating processes. The maximum possible score for the weighted categories is 100
with an additional 5 points available for innovation.
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Figure 2- 4: Eight categories and the processes of Green Star rating system

The credits to be achieved by Green Star depend on each of the eight categories, which have
different parts and different credits to be achieved.
Management consists of three different parts, which are given in the following table.
Table 2- 3: Credits of Green Star for management
(CUNDALL, Architectural/Structural ESD Specification Requirements 2011)
Credit
Man-5

Title
Building

Aim
User’s Producing a simple to understand documents to enable

Guide

building users to optimise the building’s environmental
performance

Man-6

Man-7

Environmental

Reduce the environmental impact of demolition and

Management

construction activities

Waste

Reduce waste to landfill from demolition and construction

Management

activities

Another important part for achieving the Green Star points is the Indoor Environment Quality,
which has five different parts and 33 credits, totally. Table 2-4 shows these points.
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Table 2-4: Credits of Green Star for Indoor Air Quality

(CUNDALL, Architectural/Structural ESD Specification Requirements 2011)
Credit

Title

Aim

IEQ-4

Daylight

Provide good levels of daylight for the users

IEQ-5

Thermal comfort

Provide a high-level of thermal comfort for the occupants

IEQ-7

Internal

noise To maintain internal noise at an appropriate and

levels
IEQ-8

IEQ-9

comfortable level

Volatile Organic Improve the quality of indoor air by reducing off-gassing
Compounds

from internal materials and furniture

Formaldehyde

Improve indoor air quality reducing off-gassing of

Minimisation

formaldehyde from engineered wood products

The energy score of 8 points includes points for reducing the use of a lift by providing
accessible and highly visible stairs.
The water score is based on the efficiency of occupant amenity potable water to reduce mains
potable water consumption of toilets, taps and showers, which is 1 point.

As table 2-5 shows the most points for achieving Green Star certification is related to
materials and this is why we are looking at material in more detail.
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Table 2- 5: Credits of Green Star for Material
(CUNDALL, Architectural/Structural ESD Specification Requirements 2011)
Credit
Mat-1

Title

Aim

Recycling Waste To encourage and recognise the inclusion of storage space
Storage

that facilitates the recycling of resources used within
buildings to reduce waste going to landfill

Mat-3

Reused/Recycled To encourage and recognise designs that prolong the useful
materials

life of existing products and materials and encourage the
uptake of products with a recycling content

Mat-4

Concrete

Reduced embodied energy and resource depletion

Mat-5

Certified Steel

Encourage the use of steel that has relatively low
embodied energy

Mat-6

Certified PVC

To reduce the environmental and health impacts of
Polyvinyl chloride by selecting the use of PVC which
adheres to best practice guidelines

Mat-7

Certified Timber

Reuse

of

timber

or

new

timber

with

certified

environmentally responsible forest management practices
Mat-8

Design

for To encourage and recognise designs that minimise the

disassembly

embodied energy and resources associated with demolition

Mat-11

Flooring

Use flooring with good environmental credentials

Mat-12

joinery

Encourage the selection of re-used joinery or joinery
designed for re-use

Mat-13

Loose Furniture

Reduce environmental impact of loose furniture relative to
available alternatives

Emi-4

Insulant ODP

Selection of insulants that do not contribute to long-term
damage of the Earth’s Stratospheric ozone layer

The Materials Category of the Green Star rating tools consists of credits which target the
consumption of resources through their selection, use, reuse, and efficient management
practices of building and fit out materials. The credits reward reduction, reuse, and the use of
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recycled and recyclable materials wherever possible. The Green Star’s Material credits aim to
address and improve the environmental impact of building products and materials by taking
into consideration issues pertaining to the lifespan, lifecycle and approach towards the use of
these resources within the building fabrics of Green Star certified projects.

The various environmental, and human health impacts arising from building materials are
reduced when the use of virgin materials is limited, so special attention is given to the
selection of ecologically and health-preferable materials. Land use and ecology have been
omitted from the current study because that was not part of the decision process in the case
studies. All the sites have been already selected and justified. For land use and ecology, more
points can be achieved by using brown-field sites than green field sites. Innovation can be
achieved by using novel materials or technology such as ground source heat pump etc.
Emissions are limited to embodied energy and are part of net zero energy.

The Green Star rating is achieved depends on the overall score as shown in table 2-6.
Table 2- 6: Green Star rating points
Green Star rating
One Star
Two Star
Three Star
Four Star
Five Star
Six Star

Points
10-19 pts
20 - 29 pts
30 - 44 pts
45 - 59 pts Best Practice
60 - 74 pts Australian Excellence
75+ pts World Leadership

Buildings can achieve a Green Star certificate only as Four, Five or Six Stars.


Green Star progress from 2003 to 2012

In 2003, four projects were registered by Green Star, but there was no certified project. This
increased to 257 registered and 41 certified projects in 2007 which then increased to 515
certified projects and 111 registered in 2012. Table 2-7 shows the range of certification,
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registration, members, and staff from 2003 to 2012. This table also shows that the number of
registered projects increased from 2003 to 2008 and then decreased, and even in 2012 this
number decreased to 111. It would be interesting to find out why this amount has been in
decline over these years.
Table 2- 7: Progress of Green Star rating system from 2003-2012
(Green Building Council of Australia, 2012)
Year Certification Registered



Green Star rating

Members Staff

(total)

(Year)

tools

2003

0

4

1

12

3

2004

1

5

2

43

6

2005

8

21

4

83

5

2006

23

25

4

133

9

2007

41

257

4

189

18

2008

124

263

6

714

45

2009

212

117

8

741

43

2010

292

148

10

839

46

2011

393

146

11

918

54

2012

515

111

12

850

55

Case studies of Green Star rating system

44 case studies related to the Green Star rating system were found in the “Australian
Architecture Database” from 2002 to 2013. Table 2-8 shows the number of projects based on
their function and the number of stars they achieved related to the Green Star.
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Table 2- 8: Green Star certified projects

Function

4 Star

5 Star

6 Star

Total number

Commercial building

1

13

16

30

Educational building

0

4

1

5

Childcare centre

0

1

0

1

Residential building

0

0

1

1

Convention Centre

0

0

2

2

Heritage building

0

2

1

3

Police station and court

0

1

0

1

Shopping Centre

1

0

0

1

Total

2

21

21

44

Of all these case study articles, 21 were about 6 Star Green Star office buildings and 21 were
about Five Star Green Star, while only 2 research papers were concerned Four Star Green
Star buildings. This result shows that people who write about sustainable buildings and
deliver sustainable buildings only emphasis Five and Six Star Green Star buildings because
they are looking to promote their achievements and present good results.
The interesting point in all of the 46 abstracts of these articles was that all the authors
believed that Green Star is a sufficient rating system providing guidelines for constructing
sustainable buildings.
Most papers were a review of the constructed projects. One research was done by (Serisier
2011) about a Six Star Green Star office building in Sydney. In this paper the general aspects
of the building such as its location, area, cost, and participants are mentioned, while on the
other hand the specific aspects of the projects which made them “World leadership” is
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mentioned, such as using energy efficient lighting, controls, low emission paint, and carpet
tiles.
Just one research was found which tried to analyse constructing a sustainable building and
figuring out the results and idea of delivery team. This is reviewed in the next paragraph.


Review of Six Star Green Star building

This research by Love, et al. (2012) was about the Durack 2 building which is a Six Star
Green Star commercial office building in Perth, Western Australia. The aim of this research
was to find out the how a client acted as a catalyst for delivering sustainable buildings and,
their drivers for implementing sustainable technologies such as procuring and organising
resources. Durack 2 is located in the Central Business District, in Perth and the contract value
was AUD$35M for this five storey office building.
The sustainable aspects of the project were:
-

Gray water recycling, waterless urinals, and sub metering the water demand to monitor,
and manage water consumption

-

Using an active chilled beam air conditioning system

-

Providing green energy by using three wind turbines

-

Using louvres for the western facade to manage shading and reducing solar heat gain.

The methodology for this research was semi-structured interviews with project participants to
specifically work out:
-

The reason for using sustainable technologies

-

The limitations in introducing sustainable technologies

-

The result of experience to deliver sustainable technologies for clients and manufacturers

-

The risks related to sustainable technologies
26

Chapter 2

Sustainability and sustainable buildings

-

The results of contract type and industry relationships

-

The results of building regulations

21 interviews were conducted with subcontractors (5), suppliers (4), contractors (2),
consultants (6), project managers (2), and clients (2). Each interview lasted from 45 to 90
minutes and it was recorded digitally and then transcribed and forwarded to the interviewees
for approval and possible changes. In addition, documentary materials like newspaper
clippings, brochures, articles, award submissions, website information, formal studies on the
various sustainable innovations, and internal reports produced by the participants were also
used in this research. The software QSR NVio 9. was used to analyse the interview data.
The results from these interviews, it was shown that there was a large amount of economical
and environmental benefits from this building, with almost AUD$80,000 saving per year for
energy and water, and a 62.3 kg reduction of CO2/m2 per annum (448.56 tonnes/per annum).
The results also revealed the features and benefits of the technology in the building. Figure 25 shows the different resources used in the building, and their social, environmental, and
economical benefits.

Figure 2- 5: Features and benefits of the technology (Love, et al., 2012)
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The results showed that the clients were the drivers for innovation in procurement and
organisational resources. They were involved in the design and innovative aspects of the
project and an experienced team was used to ensure that the vision will be delivered. The
barrier, which was mentioned by the clients, was the inappropriate financial sectors for
selling prices, and leasing rates of sustainable innovation, and the cost of the building was not
fully appreciated.
Another result from this research was the procurement and the contractor’s involvement in
the project. When 50% of the design was completed the contractor started to close out the
design, and the result shows that it was efficient type of contract because the consultants
believed that had the contractor been engaged in the design process earlier, the innovative
aspect of the project could have been stifled, while the contractors and sub-contractors
believed that Design and Construct (D&C) contract was the most appropriate type of contact
for this project. The subcontractor mentioned “If it was a fully documented job (traditional
lump sum) it would have been much harder for us to do and it would have made
implementation of the sustainable innovations on-site much harder, as we’d have had no
input whatsoever” (Love, et al., 2012).
The results from this research for regulations and/or standards show that the consultants
believe that standards are not very helpful for these types of innovative projects. Indeed a
consultant stated: “If you refer to the BCA’s (Building Code of Australia) part J minimum
energy performance section, it only addresses the bottom 10 to 15% of buildings, so it has no
effect when you are designing at the top end” (Love, et al., 2012).
The clients in the project were the driver and were committed to sustainable innovation which
meant that progress was improved by the appropriate communication between clients and the
design team. The design team joined the project at the right time, and finally, different teams
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in the project were interested in furthering their experience by continuing their work of
constructing sustainable buildings.
2.4.2 Living Building Challenge

The Living Building Challenge commenced in November 2006. The LBC defines
professional way to calculate sustainability and helps to find perfect solutions to raise
sustainability. Living Building Challenge 2.0 provides an outline for the design and
construction, and connection between people, and the environment to accomplish the
“greenest” stage of performance (International Living Building Institute, 2010).
The International Living Building Institute is trying to generate a sustainable future for all
design professionals, contractors, and building owners, and defend the health, security, and
benefit of all people by politicians, and administration officials, as well as provide a good
method of directing people towards bringing the natural environment and built environment
together to create a superior life (International Living Building Institute, 2010).
Jason McLennan, CEO of the Cascadia Green Building Council, in a workshop about LBC
held by the Sydney Business School at UOW in 2011 mentioned that the Living Building
Challenge will be certified after twelve months of occupancy, and after experiencing all the
seasons. The project team monitors fourteen to eighteen months after construction for the
occupation phase to audit the energy usage of the system, and to understand how and why the
system did not perform as intended (McLennan 2011).
In 2009 the first project was occupied in America and certified and then in 2010, the
international Living Building Challenge was introduced and the first overseas project was
carried out (McLennan 2011).
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How the Living Building Challenge works

The Living Building Challenge is represented by a flower, which is its mascot. The seven
petals are categories for the challenge so it is similar to other systems. There are two petals
(equity and beauty), which do not exist in other organizations rating systems. The beauty
petal needs innovative solutions and it is a very important part in success of the project
(McLennan 2011).
The flowers and plants as mascots of LBC show the buildings and physical infrastructures
can grow up and move around the resources like the flowers and plants to be part of the
nature. This means that buildings can take resources such as flowers and get all the energy
from the sun, and all water needs from precipitation to use the water differently and handle it
appropriately in terms of pumping it out of the system (McLennan 2011).
The seven performances areas or petals of the Living Building Challenge are: Site, Water,
Energy, Health, Materials, Equity, and Beauty in order to direct buildings to gain a Green
Building rate (International Living Building Institute 2010). Table 2-9 shows 7 petals of LBC
and each petal is defined in detail in the next part.
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Table 2- 9: 7 petals of the LBC (International Living Building Institute 2010)
Petals

Imperatives
Limits to growth

Site

Urban Agriculture
Habitat exchange
Car free living

Water

Net Zero water
Ecological water flow

Energy

Net Zero Energy
Civilized environment

Health

Healthy air
Biophilia
Red list
Embodied carbon footprint

Materials

Responsible industry
Appropriate sourcing
Conservation + reuse
Human scale + human places

Equity

Democracy + social justice
Rights to nature

Beauty

Beauty + spirit
Inspiration + education

Site: The Site petal introduces acceptable places to construct buildings, including protecting
and restoring a developed place, and encouraging people to construct a community based on
pedestrian access rather than automobile access. Additionally, sustainable community is
based on globally sourced food protection by supporting local and regional agriculture. The
site petal has different aspects such as:
Limits to growth: LBC asks to work with existing sites, i.e. no new sites for the projects.
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There are some exceptions:
-

Provide protection for the inhabitants.
On the site, at least 75% of the perimeter is surrounded by developed land being used for
transportation, community, and etc.

-

Some sites are based on current market economy such as material exception (the most
challenging imperatives in LBC is material).

-

Variation of cultures and climates

-

Teams should be educated about the world community to learn about different realities
such as cultures and climates all over the world.
Some sites are completely surrounded by development related to encourage density such
as community and transportation. The exception is related to firing the project or site by
development. Therefore for this type there should be a team that understands the
condition prior to this development process. Great care also should be taken with the
climate zones of the project.

Urban agriculture: The next imperative parts in LBC begin with a philosophical belief for a
food production system. There is an essential need for food production to become integrated
to nearly all living building projects as a function of the density of the project. LBC gives
information to choose the appropriate plant to grow depending on the climate, and water, and
energy resources, and etc.
Habitat exchange: The philosophy behind this imperative is the notion of the building.
Different materials such as concrete, stone, and other materials which are used in various
places are changing, and their change impacts on habitats all over the world. This cannot be
easily quantified; although it is possible to provide some accounting for the elements of the
program based on the size of the project, with appropriate land alliance.
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Car free living: LBC does not ban the use of cars but it tries to encourage productive
development where possible without the use of a car. This promotes the creation of
pedestrian-oriented communities, and it also deals with the notion of car sharing versus the
single occupancy of a car.
Water: Water is one of the most difficult areas of the challenge. In the US and Canada the
biggest difficulty tends to be regulating for water. These countries have tonnes of water but
there are several months without rain as well. It is essential to work with water on the site,
which has a strong effect on the design process. At the start of the design, the limitations of
the place and the budget should be found out. In addition it is necessary to know the potential
resources in a year to make a balance. The requirement is 100% of the architectural use to
capture precipitation close to the natural water system.
The single strategy is not to waste water where it is not required, but to connect all the water
together, which is possible. In addition it is necessary to use water more than once, and only
use propriety quality water for a quality task. There are simple principles for the demand for
potable water, toilets, and recyclable water, and etc.
Net Zero water is capturing precipitation or having a closed loop water system to produce
100% of the occupant’s water use (International Living Building Institute, 2010).
Energy: Energy is also one of the most challenging aspects in the technical part of a project.
The focus is on avoiding the use of unsustainable sources like coal, gas, oil, and nuclear
power to decrease pollution, and also to save money. Even cleaner ways like burning wood
can damage the ecosystem, and release carbon dioxide into the atmosphere, so the solution is
to use renewable forms of energy.
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Net zero energy: Net zero energy means 100% of the energy needs must be supplied by onsite renewable energy on a net annual basis.
To achieve efficiency, it is essential to start with loads, then realise free energy, and then use
the most professional technology available. In the other words:
1. Reducing loads
2. Reduce operational energy
3. Efficient technology
4. Solar renewable energy installation
To achieve net zero energy, it is possible to use solar panels to generate energy and double
glazing to save energy.
Health: Health is very broad concept and it is not just for sociological health and happiness.
This particular petal needs a good designer. The civilised environment and good air quality
are two aspects of health.
Civilised environment: The first step is to supply the environment because there are many
actions that work against the environment such as people who have no access to windows or
fresh air, and etc., so they spend most of their working hours which does not contribute to
their emotional, sociological, and physical well-being. LBC has started to make changes by
minimising the distance between occupants and windows with views outside, including
daylight.
Healthy air: Healthy air extends the notion of health as being not just about daylight. It is
imperative that the air quality be tested at every stage of the project, and particularly the
occupancy phase, to ensure that the air quality remains positive. In addition it is so important
to pay attention to furniture, carpet, and other materials in the building.
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One issue is thermal comfort, which has a struggle with natural ventilation, and it has conflict
with other tools such as Green Star. LBC promotes much wider band of thermal comfort than
Green Star. It depends on how people are dressed relative to the outside conditions. Many
people define summer as hot weather, which needs air conditioning in building. However
LBC promotes a very wide band of temperature ranges. The notion that conventional air
conditioning is more comfortable is false when there is a study of dissatisfaction promotes
comfort in buildings. Ventilation rates must be designed to comply with levels of carbon
dioxide (CO2), temperature, and humidity. All kitchens, bathrooms, copy rooms, janitorial
closets, and chemical storage spaces must be separately ventilated and exhaust directly to
outside air. Moreover smoking must be prohibited within the project boundary.
Guidelines for max in testing:
-

CO2: 1000 ppm or 500+ outdoor level (L3-L6)

-

CO: 9 ppm or 2+ outdoor level (L3-L6)

-

RSP: 30 ug/m3 by mass measurement or 900000 f3 by laser practice counter

-

TVOC: 500 ug/m3 micrograms per cubic meter

It is obvious that as people become more aware, it becomes easier to find healthier materials
to use in the buildings, but people do not understand that even healthy chemicals threaten the
air quality because they are not tested in terms of interacting with other chemicals.
Biophilia: Biophilia is very difficult to measure because to be healthy we need to be
surrounded by life and not placed in conditions devoid of life and the natural world. Biophilia
is related to the physical and sociological level; as an example, one person works with a
concrete box and has no access to the environment, daylight, trees, water, and etc., and it has
a bad effect physically and sociologically.
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The research has been done around the issue of hospitals, and shows the shortness of time for
recovery after surgery, and increase in the rate of healing of people placed in room with a
direct connection to trees, plants, and etc. In other words by the simple addition of windows
and tree, the cost to hospitals for their location helps people to go home earlier, so it is
strongly recommended for hospital owners.
Materials: Material Petal is the hardest petal for LBC to achieve because of the economic
impact to the project team in terms of site cost, design cost (needs lots of research time to
know where materials are from, how they made, and what needs to be changed), and to
uncover the issue of recycling content, and etc. Securing the supply chain for
environmentally friendly materials and managing the documentation for material use is the
main issue. Traditional materials and supply chains do not always meet the strict
requirements of LBC. Some materials are banned or restricted by LBC. These are included
in the so called “Red list”.
Red List materials: the most challenging aspect of the material petal is the Red List material,
it consists of the following:
-

Asbestos

-

Cadmium

-

Chlorinated Polyethylene and Chlorosulfonated Polyethlene

-

Chlorofluorocarbons (CFCs)

-

Chloroprene (Neoprene)

-

Formaldehyde (added) – common in construction glues

-

Halogenated Flame Retardants

-

Hydro chlorofluorocarbons (HCFCs)

-

Lead (added)
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-

Mercury

-

Petrochemical Fertilizers and Pesticides

-

Phthalates

-

Polyvinyl Chloride (PVC) – a common building product.

-

Wood treatments containing Creosote, Arsenic, or Pentachlorophenol

Some of these materials are banned completely and some are restricted. Some of the red list
materials are still found in building products and in the supply chain and efforts are to be
made to reduce their use. Furthermore some of them are easier than others to be eliminated as
then are also banned by building regulations in Australia (e.g. asbestos)
Embodied carbon footprint: Embodied energy depends on the choice of the design materials.
It is scientific to calculate the embodied carbon footprint, and it is impossible to calculate it
exactly. LBC has started to qualify LCA and integrate it into the majority of the designs. The
LBC group push industry to provide data that makes LCA more acceptable while there is a
research gap, and they need to be sure that LCA experts are properly communicating the
limitations of tools in order to have people hire them.
Responsible industry: This part is more challenging because it looks at the extractive
activities dealing with environmental timber. This part just deals with the timber industry.
The FSC (Forest stewardship council) is the council which confirms that all timber fibres are
from certified forest. FSC mixed sources consider:
-

Certified forests

-

Company controlled sources

-

Recycled materials

Appropriate sourcing: The weight and density of materials have an impact on the shipping of
materials from different places. This has effect on the operational energy of buildings. LBC
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tries to prioritise the energy efficiency, water efficiency and etc., by allowing greater slippage
in terms of the radius. They increase the radius to use the most efficient in those products.
Equity: Equity means how to design the construction of building. In this part it is essential to
think about how to design the building materials and building community.
Sometimes it has to do with the design of cities where so many communities have no cars. In
the case of living in the community, car ownership is the only way to use the services needed,
it would not be acceptable. Another condition is not to reduce the quality of interaction
between people, for example if the building has been designed as a net zero energy, and net
zero water so it forces people not to use a car; this has a big impact on the community. On
the other hand if the building is for retail and someone wants to sell goods the building must
be designed with a maximum surrounding size of car parking.
Beauty: When people who care for the building or project are likely to invest resources, it is
essential to retrofit the building for more expectations such as energy, and water efficiency.
There are direct measurable vacations for good design, so LBC asks people to use philosophy
to guide, and design the strategy. This seems to an easy petal to achieve, and LBC asks to
design the features intended for human life. This is in line with most modern architectural
practice.


Living Building Challenge certification

There are three different types of certification for the Living Building Challenge:
1. Living Building Challenge certification – achieving all seven petals.
2. Petal recognition: Achieving ‘Petal’ recognition means obtaining three category
requirements where at least one should be Water, Energy, and/or Materials.
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3. Net Zero Energy building certification Verifies that the building is truly operating as
claimed, harnessing energy from the sun, wind or earth to exceed net annual demand.
To date, six projects have achieved certification through the Living Building Challenge, and
one-dozen others have entered the twelve month operational phase required prior to audit.
The Hawaii Preparatory Academy Energy Lab project has achieved ‘Living’ Certification.
This building is a Net Zero Energy, and fully sustainable building as a high school science
building. This project was finished in 2006, and achieved the LEED platinum, and the Living
Building Challenge certification.
Eco-Sense Residence (Petal) has achieved the “Net Zero Energy” certification. This building
is a residential building with passive solar design, solar PV with grid tie, net zero electricity,
energy and water conservation, solar thermal hot water, composting (no flush) toilets,
rainwater harvesting, grey water re-use, a living roof, earthen floors and natural finishes into
their exceptionally beautiful architecture.
No research was found related to the Living Building Challenge in the “Australian
Architecture Database” and in the UOW Library search because currently 2 buildings are
registered by LBC in Australia but they are still under construction. No building has been
certified in Australia by LBC yet, but the Sustainable Buildings Research Centre at
University of Wollongong is going to be a first LBC certified building in Australia. It is
mentioned in detail in Chapter 5.
The difference between Green Star and LBC is that for achieving seven petals of LBC, the
building has to be net zero energy while the 5 or 6 Star Green Star building does not need to
be net zero energy. There is much more attention to materials in LBC than Green Star.
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Additionally, LBC is based on philosophy of how to achieve sustainability outcomes.
Otherwise Green Star has a checklist of specifications to achieve the points.

2.5 Challenges for constructing sustainable buildings
As previously mentioned, all the papers found in the Literature Review only showed the
positive aspects and benefits of constructing sustainable buildings, no research was found
related to the Living Building Challenge; but it is necessary to figure out the challenges, and
difficulties of constructing sustainable buildings by using an environmental rating systems.
Among all the research found in the literature review only one was about the challenges and
difficulties of constructing sustainable buildings. This research was done by Alnaser and
Flanagan (2007) with the topic of ‘The need of sustainable buildings construction in the
Kingdom of Bahrain”. The main aim of this research was to find out the reason for being
discouraged, and constraints for constructing sustainable buildings, especially for BuildingIntegration PhotoVoltaic (BIPV), and Wind Energy (BIWE). The climate of Bahrain is
suitable for wind turbines, PV solar panels, and in this research the writer has tried to find out
the main issue that stops people from using them, while the cost of solar energy systems and
other renewable energies technology has reduced almost 6 times (from 100cents/kWh in 1980
to 10cents/kWh for PV, and from 60cents/kWh to 5cents/kWh for solar thermal).
The methodology for this research was a questionnaire which was sent to the policy and
decision makers, the leading consultants (architects), and the contractors. Three different
questionnaires were provided for different groups based on the large governmental
commercial complexes, or sky scrapers. Since these projects are not houses, and their
electrical power is much more than residential buildings, the customers were not considered.
31 interviews were done; 7 interviews were from Policy and Decision Makers in Bahrain, 10
leading consultants, which were architectural companies, and 14 interviews were from
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contractors (Construction companies). The interview questions for different groups are
attached in the Appendices A.
The results from this research can be categorised as follows:
-

The main reason for discouragement among the architects was the high initial cost of PV,
and wind turbines, poor knowledge, and uncertainty about the profits, payback period,
and maintenance. The architects and contractors were interested in being trained and to
get information about BIVP and BIWE installation, and being involved in sustainable
buildings.

-

The concern for policy makers was the public reaction to legislation for taxation for
buildings with large consumption of electricity but generally they were interested in
giving information to the public about the benefits of using of BIVP and BIWE.
Therefore the sustainable buildings concept can be achieved by improving public
knowledge by the political decision makers.

-

The most important reason for discouraging different groups of architects, policy makers,
contractors, and users is lack of information about the benefits of constructing sustainable
buildings, which needs getting information to the public and training architects,
contractors, and etc.

2.6 Summary and conclusion
Figure 2-6 summarises this chapter (chapter 2). This summary is that buildings have large
environmental impacts in their life such as global warming, resource depletion, and etc., and
much research has been done, which shows the negative environmental impacts of buildings,
and the way to calculate these environmental impact. Some research was based on actual data
such as energy consumption while the other gives soft data based on the opinions of the
occupants, delivery team, etc.
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Environmental impacts of
Buildings
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Great
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Figure 2- 6: Summary of literature review
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These negative environmental impacts by buildings, and the essential need to protect the
world were the reasons for trying to find a way to construct eco-friendly buildings that are
called sustainable buildings. Over the years lots of research has been done that shows the
benefits of constructing sustainable buildings. Since 1990 many environmental rating systems
all over the world have commenced. They guide owners, architects, builders, and etc., to
construct sustainable buildings such as BREEAM, LEED, Green Star, and Living Building
Challenge. Many projects have been certified based on these environmental rating systems,
and lots of research shows the benefits of them using less of energy, and resources, and etc.
But in the literature review we could not find any research except that by Alnaser and
Flanagan (2007), which tried to find out what the challenges and difficulties are for
constructing sustainable buildings, but this research could not answer the research questions.
After ten years of constructing sustainable buildings in Australia under the Green Star rating
system, there is still a long way to go to construct sustainable buildings with minimum
environmental impacts, and there are many factors that discourage architects, owners, and
etc., to construct sustainable buildings. In addition these environmental rating systems have
the same concept, but their methodology is different, and sometimes there are some conflicts
between them.
Some other challenges are covered in the literature review such as materials supply. Also for
a Six Star Green Star building as an internationally leasing sustainable building, the client is
the main driver of innovation (Love et. al., 2012)
Therefore the results from this chapter shows the gap of having information about challenges
and difficulties of constructing sustainable buildings. In fact this was why this research was
conducted, and why solutions to the difficulties and challenges were sought after. This lack of
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information about the limitation and barriers of constructing sustainable buildings was why
real projects were analysed.
The next chapter discusses the methodology chosen to achieve the aim, and chapter 4 and 5
show

the

results

of
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3.1 Case study methodologies
As mentioned previously, it is impossible to find the answer to all the research questions
from the literature papers because they are mostly based on the positive aspects of
constructing sustainable buildings, while the challenges and difficulties involved remain
hidden. This is why first-hand projects are used as case studies. This includes
interviewing people involved in the projects to find out the answers to the research
questions.
Remenyi (2012) in his book mentioned that the most useful definition of a case study is
given by Yin (1989): A case study maybe defined as an empirical enquiry that
investigates a contemporary phenomenon within its real life context, when the
boundaries between phenomenon and context are not clearly evident, and in which
multiple sources of evidence are used.
In academic research a case study is used to explain research inventiveness which is or
has:
-

Used to find out the answer to multifaceted or challenging research questions

-

An experimental approach to work out the answer to research questions

-

Involving many variable factors, of which some may not be clear

-

Different methods such as qualitative, quantitative, or mixed

-

Presented as a descriptive way of finding the answer to the question being asked

-

A straightforward focus on part of an analysis
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Find out the perspective in which the research question is put and the answer that is
required

-

Not extended for a long period of time

-

Enriched by numerous sources of data or confirmation

The case study research requires being as accurate as possible by describing the context,
research questions, and the result of this activity. It is so important to conduct the
research to answer the research questions. Case study research is based on important
primary and secondary data. Primary data are collected from people directly involved in
the project, and secondary data are collected from previous research and papers.
Two first-hand projects and one television program series have been selected to provide
the case studies. They have been considered to answer the research question to produce
enough data for analysis, and compare the similarities and differences.
3.2 Advantages and disadvantages of case study
Generally speaking, case study research has advantages, and disadvantages, just like
other methods, which are:

-

Advantages

Can be used in a wide range of research area: exploratory (create new knowledge),
constructive (solve some problem), or confirmatory (test a hypothesis with empirical
evidence).

-

Can be used as a primary approach (the researcher collects the data), or a secondary
approach (the researcher uses someone else's data).

-

Has a potentially broad and flexible scope for a case study format, ranging from
brief descriptive summaries to long and detailed accounts.
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Suitable for exploring ideas and constructing theories about a dynamics program or
project because of the freedom to collect multiple kinds of information.

-

Preferred strategy when 'how' or 'why' questions are being posed, or when the
investigator has little control over events, and when the focus is on a current event
within some real-life background.


Disadvantages

-

Descriptive case studies are qualitative, and unreliable.

-

Mostly cannot be generalised to the entire portfolio of projects because they are
typically related to single projects, or small clusters of projects in the best situation.

-

Not having control over external or internal validity. It is difficult to find out
whether the external validity is accurate enough to generate to similar cases (Yin
1994).

3.3 Selection of case studies
There are two available options for conducting this research. The first option is to
manage the research to get enough quantitative data because there are lots of sustainable
buildings all over the world. 550 projects are certified for Green Star and many more are
certified for BREEAM, and LEED. There are some reasons why this method has not
been chosen; mostly because the research time is limited and contacting people involved
in 500 different projects will be time consuming (considering that the total time for this
research was 1.5 years). In addition these projects are in different parts of Australia, and
even in different parts of the world, so conducting face to face interviews also is very
costly.
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There is another way to achieve quantitative data, and that is to send out a research
questionnaire to the people involved in the related projects. But this method also has
limitation because it needs a lot of time to find the key people involved in the projects,
and then try to contact them, and realistically, people are not always interested in
participating in the research, and also the questionnaire does not help to find out
detailed data about the answers of research questions.
All these difficulties are the reasons why a qualitative research method is adopted.
Qualitative data can result in detailed information of a situation about which there is
little knowledge. As in the literature review mentioned, there is only a small amount of
research that shows the challenges and difficulties faced when constructing sustainable
buildings. Using this methodology, and being on the UOW campus, helped to find the
relevant projects and the key people involved in them. Even the author can conduct an
interview with some main participants such as the project manager in different stages of
the projects progress.
As previously mentioned, one weakness with qualitative data is a potential lack of
accuracy because only a small number of case studies can be considered. In this
research two different first-hand case studies were analysed, and the author tried to
interview as many people as possible to make sure the data is accurate.
The case studies have the disadvantage of being time consuming. In order to create
more and larger samples of case studies, the author analyses a rich data set, one of
which is a television show called “Grand Designs”.
“Grand Designs” is a British television show that has been presented by Kevin
McCloud since 1999. This program involves different self-built buildings and grand
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houses, and the way people design and constructs their desired house to turn their dream
into reality. Each program starts in the first stage of building construction, and a number
of site visits are made until the project is finished. This program shows the positive and
negative aspects of each project, including the motivation that people have to build
innovative and environmentally friendly houses ( Channel4.com 2012).
This television show has been around for over 14 years, so there are a lot of examples
available. In the methodology the author asks the question, “Is this television show a
useful source of information about how to deliver sustainable buildings?” There is no
guarantee that it is going to give the answer but the research is to investigate how useful
this rich data set of television show is. We have already found out how the useful the
literature review is, and it does not tell a bad story, it just tells the good parts. Therefore
the author has access to a television show to see whether it is like the literature review
and just give a good story, or whether it will show the other aspects of delivering a
vision of sustainable buildings.
This review of some real projects will offer the opportunity to discover the vision of
constructing different buildings, the way the vision is delivered, including the
difficulties and the reasons for their success or failure.
The author chose Series 5 of the UK Grand Designs, which is from 2003 to 2007
because this series contains projects that are from the early stage of sustainable building
movement.
Then the author will analysis two accessible case studies, the SMART Infrastructure
Facility and the SBRC.
The SMART Infrastructure Facility is aiming to be a Four Star Green Star building at
the University of Wollongong. During this research certification is in progress and
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documentation has not been finished yet. The SMART Infrastructure Facility has been
designed to be an energy efficient building; it did not specially target Green Star points,
although it has subsequently been rated at 4 Star Green Stars. This building is a research
centre constructed between 2009 and 2011, and which was occupied in 2011 (SMART
infrastructure Facility 2012). Therefore analysing this project helps us look at the next
stage of sustainable buildings, and because it is an accessible project there is a chance of
finding out the positive and negative aspects of the project, including the related
challenges and difficulties. To achieve this, the author interviews groups of people, such
as a senior manager, the project manager, the chief operating officer, the engineering
operation manager, and a laboratory officer who are actively involved in the creation of
this building. On the other hand the SMART Infrastructure Facility is a finished project
so and it was impossible to contact the contractors, cost planner, and some other groups
of people involved in the project. This is the difficulty inherent in considering a case
study as a methodology. It is also the reason why another case study, the SBRC at the
University of Wollongong is considered. This building will be a research centre to
motivate, and educate society (Cooper, The Sustainable Buildings Research Centre).
SBRC will likely be the first building in Australia to achieve both the 6 Star Green Star
and the Living Building Challenge Certification. SBRC was originally targeted to
achieve a Six Star Green Star rating, and then the Living Building Challenge was added
as a target during the design phase. This project was begun in 2010, and is due to be
finished in middle of 2013. Since the project is still under construction, during this
research, there is a chance of contacting different groups of people involved in the
project such as the director, project manager, academic staff, the building contractor, the
cost planner, the structural engineer, the ESD consultant, and the IT manager. Its
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construction time is another reason for choosing this project because it helps to consider
construction of the most recent sustainable buildings.
The results from these case studies are mostly qualitative data while there are some
quantitative data available for the Grand Design’s case study.
3.4 Summary
There were only limited data about the challenges and difficulties of constructing
sustainable buildings in the literature review. This is a reason to use first-hand case
studies to answer the research questions.
There are three case studies which are considered in this research. The first case study is
the television program “Grand Designs” to analysis the construction of innovative
residential houses. The other case studies are the first-hand case studies: the SMART
Infrastructure Facility and the Sustainable Buildings Research Centre, which are the
environmentally rated projects at the University of Wollongong.
In the next two chapters a detailed methodology for each case study is described.
Chapter 4 consists of the Grand Designs and Chapter 5 includes the methodology and
results of the case studies, the SMART Infrastructure Facility and the SBRC.
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Grand Designs (television show)

4.1 Introduction
This chapter is an analysis of series five of the UK television show “Grand Designs”. The
present author has tried to discover the vision needed to construct these projects, the way to
deliver it, including the related challenges and difficulties, and finally the result.
The reason for choosing this program is that the case studies in the literature review
mentioned the positive aspects of constructing sustainable buildings but this program, as a
television show, highlights the positive and negative aspects of each project in order to
present a more realistic view. This program has a quick but detailed look at the main issues
involved in constructing houses.
The result of the research shows that no other research has been done about the quantitative
and qualitative reviews of Grand Designs during this research period.
“Grand Designs” is a series of British television shows presented by Kevin McCloud and
produced by “Talkback Thames”. It was first aired in April 1999, and since then 124 episodes
have been broadcast in eleven series, with the twelfth series to begin on 12 September 2012.
This program is broadcast on UK’s Channel 4 and involves different and ambitious designs
of owner build-buildings and grand houses that include unusual and often sophisticated
architectural homebuilding projects. The program shows the way people design and construct
their desired house and turn their dream into reality from the early details of blueprints to the
long and often difficult task of delivering the designs into a realistic living space.
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The UK Grand Designs is presented by Kevin McCloud ( Channel4.com 2012), a man
famous for his obsession with buildings and sustainable architecture ever since being
awarded two honorary doctorates in 2005, from Plymouth and Oxford Brookes for his efforts
at making the built environment better and also encouraging people through sustainable
buildings (Home LifeStyle Channel 119 2012).
Every episode of the Grand Designs has the same format with just small differences based on
the progress of each project. Each episode documents the construction of an innovative selfbuilt house, beginning with a visit to the site by Kevin McCloud before construction to
discuss with the participants their vision for constructing the house, including the building
plan and budget. The building is then visualised by a computer. After the project has
commenced McCloud visits the site to follow progress and find out the challenges and
difficulties inherent in its construction, including any possible changes, and delays. The final
visit is usually made when the building has been completed, although it sometimes happens
that the owners have been unable to complete their house (TV3 2012).
Negative and positive aspects of each project are mentioned in the program, including the
motives people have for constructing an innovative and environmentally friendly house
( Channel4.com 2012). This research documents series five of the Grand Designs television
show, because it included different types of buildings, from converting water towers into a
family home, to constructing sustainable buildings.
There is an Australia series of Grand Designs which follows the UK Grand Designs format.
The Australian version commenced on 21 October 2010, but it has not been around long
enough, nor does it have the wide range of projects existing in the UK Grand Designs. For
this reason UK Grand Designs was selected for this research because it is the principle
program that has made a great deal of progress over the years. Moreover, the Green Star
rating system only commenced in Australia in 2003, while the BREEAM rating system in the
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UK has been around since 1990, and the UK is far more advanced in sustainable building
designs because they had a green rating system 10 years before Australia, and the aouthor
wanted to discover what they have done in UK over the past 8-9 years.

4.2 Methodology
This program was chosen as a case study because the literature review did not cover the
positive and negative aspects of a project while Grand Designs gives rich and qualitative data.
This chapter contains a range of quantitative data because of the large number of projects
covered. In addition, reviewing some projects gives the author a chance to consider the vision
for constructing different buildings, including how to deliver the visions and benefits, and the
difficulties and reasons why the projects succeeded or failed. Grand Designs is a project
which covers the positive and negative aspects of each of projects examined in the different
series.
The first part of this chapter reviewed three case studies critically which were typical projects
of season five of Grand Designs in a bid to discover why they were notably sustainable and
innovative. This part represents the development of the vision for constructing the building,
and how the vision was realised to determine the positive and negative aspects of each project.
Each project has some specific and some general visions, but how these visions were realised
was different and lead to the project being either successful or unsuccessful. The special
features have similarities to the case studies of chapter 5, which are:
-

The first project had special features as a result of using unusual, eco-friendly materials.
This included the challenges inherent in their use and the results that followed.

-

The second project was unique because the materials required to achieve a sustainable
and low cost building were transported from all over the world.
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The third project was an important case study because professional groups were used to
design and construct the house.

In the last part of this chapter, eighteen case studies from season five were analysed
quantifiably to look at general patterns of budgets and delays, while two case studies were
omitted in this research in order to keep projects consistent. This is mentioned in detail in the
next part of the chapter. Most projects had budget constraints, while some were delayed and
exceeded the budget. The author tried to find reason for the delay and being over budget and
whether it was due to the concept of sustainability or not. As mentioned in the next part, 2
episodes were omitted in this research to ensure that the case studies were consistent.

4.3 Season Five of Grand Designs (2003-2007)
Season five of the UK Grand Designs documents 20 episodes of which, 15 projects
showcased the construction of new buildings and 5 were retrofitting existing buildings. Only
4 buildings were supposed to be environmentally friendly buildings, while 16 are not, which
showed that at that time people were not so interested in this kind of buildings and needed
more encouragement. That particular season was chosen because it represented a typical
years, it was not the first year and not the most recent year.
In addition, 18 projects were finished and only 2 were unsuccessful.
Table 4-1 lists the data concerning these projects where all 20 projects were substantially
over budget and experienced delays. Costing in this section is in British pounds.
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Table 4- 1: Summary of the project

Project

Status

Ecofriendly

Estimated Estimated
time
Cost (£)

Actual
Cost(£)

Delay
(month)

Over
budget (£)

Result

(months)
Episode 1

New

N

14

110000

170000

3

60000

Finished

Episode 2

Retrofit

N

-

70000

350000

-

280000

Finished

Episode 3

New

Y

5

90000

120000

2

30000

Finished

Episode 4

New

N

7.5

200000

400000

7.5

200000

Finished

Episode 5

New

N

11

350000

0

Under
budget

Finished

Episode 6

New

N

6

200000

-

6

-

Episode 7

New

Y

9

230000

245000

-

15000

Episode 8

New

N

8

500000

-

13

-

Episode 9

Retrofit

N

7

250000

400000

8

150000

Finished

Episode 10

New

Y

6

350000

350000

5

0

Finished

Episode 11

Retrofit

N

7

267000

300000

5

33000

Finished

Episode 12

New

Y

6

50000

80000

1

30000

Finished

Episode 13

Retrofit

N

12

200000

250000

5

50000

Finished

Episode 14

New

N

4

200000

-

6

-

Nearly
finished

Episode 15

Retrofit

N

9

80000

120000

15

40000

Finished

Episode 16

New

N

N/A

220000

235000

15000

Finished

Episode 17

Retrofit

N

12

400000

750000

12

350000

Finished

Episode 18

New

Y

9

340000

400000

1

60000

Finished

Episode 19

New

Y

18-24

100000

110000

0

10000

Finished

Episode 20

New

Y

8

450000

800000

4

350000

Finished
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Episodes 2 and 12 from season five were excluded from this research. Episode 2 was 400%
over budget, which would change all the reasonable data. Episode 12 was a house boat which
was generally cheap and different from the other houses; therefore, only 18 other episodes
were documented in this research.
Table 4-1 shows that the average estimated cost for 18 selected projects were £227000, and
the average over budget figure between these 18 projects was £67000.
As mentioned before, the next part of study consists of a detailed inspection of three episodes
of Series Five. These three projects were selected because they represent typical projects
from this series. These projects were mostly innovative because of using innovative materials,
transporting materials from all over the world, and using professional groups to construct the
houses, which was not popular with those people constructing self-buildings.
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4.4. Case study 1: Episode 7, Series 5, Big, light, modern eco farm house
(2004-2005)
4.4. 1 Introduction of case study 1

Figure 4- 1: Building visualization of case study 1
(McCloud, GRAND DESIGNS 2003-2007)
The developer in this episode decided to build a family home in South Wales because they
liked the community, and felt secure in this area. The budget for this project was £230000.
Table 4-2 shows the role of people involved in the project:
Table 4- 2: Characteristics of the project
Designer

Project manager

Builder

Architect

Owner

Contractor, Owner

This project had medium budget of £230,000, compared to the average budget of all eighteen
projects which was £227,000, and it was a sustainable and innovative project that used novel
and sustainable material in the building.
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4.4.2 The vision of case study 1

The owners had a vision to construct a large, light and modern house; therefore, they decided
to use eco-friendly materials. From this vision their architect designed the house and decided
to use limecrete, sheep’s wool insulation, and recycled glass in the construction. Lime is
made from chalk or limestone, it is more ecological to produce than cement, because it uses
less energy in its manufacture and it absorbs carbon dioxide back from the atmosphere, and it
formed part of a palette of eco-friendly materials used on their building.
Constructing this house was an innovative process because the family had no experience in
constructing a house before. They decided to use limecrete in their house, a material which
was an unfamiliar to the builders. Figure 4-2 graphically illustrates the vision of the house
from the owner’s perspective, and includes the way the architect was able to capture this
vision and use eco-friendly and innovative materials.
There were some constraints involved with time and cost of the project because the owners
had a plan to construct the house in nine months with a budget between £200,000 and
£230,000.
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Vision

Big, light
modern house

Limecrete

Eco-friendly
materials

Sheep's wool

Recycled glass

Innovation

use limecrete

Figure 4- 2: Vision of the owner and the architect

4. 4.3 Development of the vision of case study 1

Construction commenced in December 2004. It was planned to finish the project in nine
months. The owner employed the builders on a part time basis and decided to be the project
manager to cut the costs. In December 2004, the ground was broken and concrete used for the
strip foundation. Limecrete was used for the other parts and it was not familiar to the builders.
Indeed the builders had to find out a suitable mix for the limecrete and test a piece of
limecrete to verify the results; after which they began using limecrete.
In February 2005, a number of significant problems arose in construction; after three weeks
working on limecrete, the builders had only completed half of the work despite believing they
could finish it in one week. This needed extra labour, which added to the cost. Another
serious problem was slow progress and the need to protect materials from the frost in winter.
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Cement and concrete need about two days to harden thoroughly but limecrete needs three
weeks and it was difficult to protect it from the frost in mid-winter. The result of using
limecrete was two months delay and £15,000 over budget, and also there was a risk of
repeating the work because limecrete is very delicate. The architect suggested a new lime
plaster for the walls and even considered polishing the limecrete slab as a finished floor.
These limecrete products are very eco-friendly but the owners were £15,000 over budget for
the slab, and they did not have the architect’s faith in the adventurous new finishes. The
owners believed the architect’s idea had cost them much more than they initially thought
which they could not afford to maintain or live, and which also meant they could not use
everything they planned for at the beginning. The architect tried to convince them to use
those materials and even took the owners to the manufacturer to see some first-hand samples,
but it was completely different from the owner’s ideas for finished floors and walls, and also
it had not been tried and tested before. So, the owner decided not to go with the architect’s
design anymore. This decision affected the communication with the architect because the
architect believed the owner should use these special materials even though the owner could
not afford them.
At the end of April 2005, the owner was able to see that the limecrete slab had been set after
three months for the first time. The result was completely affordable despite being concerned
that limecrete might not last long. In the next stage, timber frames were delivered to the site.
There was an expectation to fix timber frames in four or five weeks because they had been
manufactured off-site in a factory. During this time, communication between the architect
and owner was poor. Although the architect was responsible for guiding her clients and the
architect’s sign off at the end of the project was necessary for the owner, the owner decided
to continue the work alone in order to reduce costs, since the project was £15,000 over budget.
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The environmentally friendly materials chosen by the architect, such as glass walls and the
polished lime screed were replaced by cement and plaster which are less environmentally
friendly, although the owner used sheep’s wool for insulation which was the architect’s
design. The windows were also installed in four weeks.
By the middle of August, the entire building was covered in recycled tree fluff which was
then given three coats of lime render. Then, the team started to cover the roof by zinc panels,
which was designed by the architect. The owner decided to accept the architect’s design
because they were worried the architect might refuse to sign the building off.
After this, the limecrete slab was topped off with lime screed because it is compatible, elastic
and as breathable as the slab underneath.
By the middle of September, half of the house plastering was finished. The owner used
gypsum plaster instead of lime plaster for interior cladding, which was a deviation from the
vision, but the outside was rendered by lime, a material completely new for the workers to
keep the integrity of the work.
By October 2005, the last visit was done but the house was not finished completely. The
exterior was almost finished and the owners had successfully rebuilt their relationship with
their architect.
Figure 4-3 summarises the timeline for constructing the house and how the project had the
progressed from December 2004 to October 2005.
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December
2004

February 2005

April-July
2005

August 2005

September
2005
October 2005

Grand Designs

•
•
•
•
•
•
•

Employ the builders as part-time
Builder was engaged as a Project manager
The ground was broken
Used concrete for the strip foundation
Figured out the suitable mix for limecrete
Tested a piece of limecrete
Started use of limecrete

• Used limecrete continuently
• Held timber frames to the site
• Continued the work by the owner to decrease the
cost
• The limecrete was set
• Insulated the house by the sheep's wool
• Covered the building with the recycled tree fluff
• Covered the house roof by the zinc panels
• The limecrete slab were topped off with a lime
screed
• Covered the house roof by the zinc panels
• Finished half of the plastering
• Rendered the house exterior by lime

• The house exterior was almost finished

Figure 4- 3: Project timeline of case study 1
4.4.4 Challenges of case study 1

The building constructing had some major challenges that affected the project. These
challenges can be classified into three major categories; using limecrete, time limitations, and
budget limitations. As mentioned in the previous part, using limecrete was the biggest
challenge for the builders because they had no previous experience with it and had to find out
a suitable mix for that. In addition, protecting limecrete from the frost in winter was another
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challenge. Although the limecrete was an environmentally friendly material, its use had a
negative result on the project:
-

Delay in the project

-

Additional cost

-

Poor communication between the architect and the owner

Another challenge in this project was the cost limitation because the budget was limited but
using limecrete resulted in a £15,000 over run. Figure 4-4 summarises the challenges, the
reasons and the results of these challenges on the project.

Find out
suitable mix

Use Limecrete

Unfamiliar for
the builders

Needs 3 weeks
for thoroughly
harden

Challenges

Cost limitation
(£200,000 £230,000)

Delay
the
project

Add cost

Poor
communication
with the
architect

Needs protection
from the frost in
the winter
weather

£15,000 over
cost for
limecrete slab

£15,000
over cost

Figure 4- 4: Challenges of constructing the house for case study 1
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As mentioned in Figure 4-4, the main challenge was using innovative material; all the other
challenges were based on using limecrete.
4.4.5 Material for case study 1

One of the most important parts of this project was choosing and using eco-friendly materials,
so the architect decided to use innovative materials like limecrete even though the builders
had no previous experience using it. Choosing the materials was based solely on the
architect’s research.
Using materials like limecrete, sheep’s wool, timber frames, recycled glass, polished lime
aggregate screed, recycled tree fluff, and zinc panels had different results. The results were
mostly successful, and only the use of limecrete did cause some negative results, as
mentioned before. In addition, because using limecrete was so challenging the owners
decided not to accept the architect’s design; therefore, recycled glass was never used in the
building.
Table 4-3 shows the materials used in the buildings, the reasons of choosing them, the
challenges related to their use, and the results of using these materials in the building.
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Table 4- 3: Materials of case study 1
Material

Limecrete

Benefits

Challenge

Result

Final result

-Eco-friendly material

- Builders not familiar with material,
especially in winter

-Very slow
progress (3
months)

- Use another
material

-Less energy
consumption during
manufacturing

-Needs to figure out the suitable mix for
the limecrete

- Absorb carbon
dioxide back from the
atmosphere

-Limecrete is a delicate material that
needs protection from frost in the winter
so the slab does not break

-Efficient insulator

- No challenge

-£15,000 over
budget

-Poor
communicatio
n with the
architect

- Lime is not a
suitable material
to be used in
winter
-High
performance

-Natural material

Sheep’s
wool

- Eco-friendly material

-Low energy
consumption

- Non-toxic and healthy

-High insulation

-Successful

- Cheap
- Fast and easy doing
-Does not need experts

Timber
frames

-Naturally insulated

Polished
lime
aggregate
screed

-Elastic

Recycled
tree fluff

-Environmentally
friendly

-Successful
- No challenge

-match with
limecrete slab

-breathable

-Successful

-New technology in UK
-Successful
-No challenge

Zinc panel
Recycled
glass

- No challenge

-

-Successful

-

-Never used
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4.4.6 Finding from case study 1

Figure 4- 5: Finished building of case study 1
(McCloud, GRAND DESIGNS 2003-2007)
The project was a great challenge because unusual but eco-friendly materials were used. The
use of limecrete was the main reason for delay and over budgeting because the builders had
no previous experience using it, which caused a two month delay and £15,000 over budget;
therefore, the estimated cost of £230,000 rose to £245,000.
The vision in the project was compromised because recycled glass and lime plaster were not
used, but the vision was retained using limecrete even though the project went over time and
budget.
After one year of starting the project, it was still not finished. Part of the delay was due to a
breakdown in communication between the owners and their architect, and another part was
caused by the owner doing work to reduce the costs. This breakdown in communication
resulted in the choosing less eco-friendly materials, while the architect’s choice of ecofriendly recycled glass was not used. The exterior of the house was almost finished, which
revealed the beautiful designed spaces and large opening windows to give them a great view
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of the outside. All the owner’s expectations were delivered in the house. The house was full
of light and was made by use of materials that made the house come alive.
 The owner’s vision was realised and the house was light and it was built with eco-friendly
materials, even though some materials were replaced by less environmentally friendly
materials to reduce costs, risks, and increase the speed of the project. Although the house
was affordable, using innovative materials without having knowledge and experience
caused issues with this project.

4. 5 Case study 2: Episode 10, Series 5, Cedar clad family house (2005-2006)
4. 5.1 Introduction of case study 2

Figure 4- 6: Building visualisation of case study 2
(McCloud, GRAND DESIGNS 2003-2007)
In this episode, the developer was a family who decided to build a family house and settle
down in Campsie Fells in Stirlingshire, Scotland, after travelling for twenty years. They
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chose this place because of its’ fabulous view. The budget for this project was £350000.
Table 4-4 shows the role of the people involved in the project:
Table 4- 4: Characteristics of the project
Designer

Project manager

Contractors

Architect

contractors

-Concrete basement contractor
-Timber frame contractor

This project was planned to cost £350,000 which is higher than the average budget of
£227,000 for the entire eighteen projects. This project was designed to be a sustainable and
innovative project that would transport materials from all over the world.
4.5.2 Vision of case study 2

Following discussion with the architect, the family had a vision for a contemporary house
built from eco-friendly materials. The owner spent three years researching the
environmentally friendly materials and decided to source them from five different countries
to decrease costs. The architect helped them to realise all their ideas. The result would be a
compact cube house with a timber frame on a rendered masonry base. It was a wellconceived and thought out building.
The involvement of the owner in sourcing materials from other countries could be
problematic because it was depended on the coordination of the main contractor, how early
they placed the owner’s orders and where they go for their business. This meant there was a
risk of delay in obtaining materials from all over the world. Although it is not eco-friendly to
import materials from different countries because of the high consumption of energy for
transportation, in 50 to 100 years of the life of the building, it is efficient to construct a
friendlier house which can save transport costs. The owner would therefore construct a super69
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warm and super-efficient timber framed house, which was not easy to find in Britain. Based
on the owner’s experience of living in Sweden, and his research through Europe for an
environmentally friendly building method, the owner believed that timber frame houses in
Sweden were very solid and comfortable; therefore, he chose Swedish house because it’s
incredibly thermally efficient and at £70,000 reasonably cheap. The sheet materials used to
make the external panels was cladding board, which was a clever decision because not only it
is waterproof, it is also breathable. The insulation and vapour barrier keeps the draughts out
and the internal cladding is like plasterboard made from reinforced gypsum and recycled
newspaper, which is tough and water resistant. This meant the house would be very efficient
in the rainy weather that Scotland experiences over some months of the year.
There were some constraints for constructing this family house. The owners decided to spend
only £350,000 for their house and it had to be completed in six months otherwise the added
cost of rental and mortgage could result in putting the project on hold and finding different
employment, and in the worst case sell the unfinished house.
Another aspect of this project was use of two different building contractors; one to build the
concrete basement and another to build the timber frame. This would be a challenge because
they would need to share responsibilities, which could result in some conflict between them.
Figure 4-7 shows the owner’s vision of constructing the family house and the most important
aspects of the vision.
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Vision

Eco-friendly
materials

Contemporary
house

Concrete
basement

Provide from 5
different
countires

Get high quality
house

Save money

Timber framed
house

3 years reaserch
on superperforming
materials

Figure 4- 7: The vision of case study 2

4.5.3 Delivering the vision for case study 2

The house construction was commenced in March 2005. The site placed on a hill which made
it difficult to remove hundreds of tonnes of earth and then fill the hole with concrete, which
was not eco-friendly. Moreover the owner employed two contractors to construct the house
and seventeen contracts were turned down.
In May 2005, the first contractor completed the concrete basement and another contractor
commenced work on the site while the owners travelled to British Columbia, Canada to
check on the production of the cedar shakes from the sustainably managed forest to clad the
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timber frame. This particular wood was one of the best for protecting a building from the
weather. During this month, the contractor used cedar shakes for the outside timber frame,
and in one week, most of the panels were fixed and the top two floors were almost finished.
The next stage was to fit the windows which were supplied by the timber frame contractor
from Sweden. However the windows were not ready yet and had not arrived on site. One
problem was that some of the information for the windows was missed and the owners had to
order again which took some months. Another serious problem was that the Swedish Factory
closed down for the first three weeks of July. This caused some time limitations for the owner
to get the windows and have them shipped to Scotland.
Another issue at this stage was that the building was not watertight in rainy weather and two
contractors had to follow each other to work and without windows the timber frame
contractor could not finish the job which affected the work of another contractor.
In June 2005, four months after starting the project, although the timber frame was up and the
roof structure was almost completed, there was no sign of the windows; therefore, to continue
the work without the windows, the owner decided to board them up and continue the internal
work.
In July 2005, the thermal floor heating and cooling was fitted and the Canadian cedar shakes
was arrived on time to transform the exterior of the building. The natural oil in the cedar
preserves and waterproofs the outer skin to complete the wall structure, which was thermally
efficient.
In September 2005, the cedar shakes were finished. Plasterwork, painting, lights, and a
second fix were done without the windows but it was impossible to do anything else without
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fixing the windows. At the end of September the site was closed down until the Swedish
factory supplied the windows.
Finally, in October 2005 after waiting for five months, the windows were brought to the site
and all twenty units were installed in one day.
Although the house was not finished, the owners moved in December 2006 and after five
months further delay, the house was finished in February 2006.
Figure 3-8 summarises the delivery of the vision of constructing the house and how project
had progressed from December 2004 to October 2005.
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March 2005

May 2005

June 2005

September 2005

October 2005

December 2005

February 2006

Grand Designs

• 17 contracts have turned down
• Use two contractors to construct the house and share
responsibility among them( one of the contrctors to build he
concrete basement and another one for timber frame)
•
•
•
•
•

Finish concrete basement
The contractor starts their job for timber frames
Use cedar shakes for the outside of the timber frame
Fix all the panels
Needs to order the windows again because the piece of
information sort for the windows have strayed which takes
months

•
•
•
•

Timber frames are up
The roof structure is nearly completed
Board the windows to continue the works inside
The Canadian cedar shakes are arrived on site

• Finish cedar shakes
• Finish plasterwork, painting, lights and second fix without
the windows
• Close the site and wait for bringing the windows

• Windows are brougt to the site
• Finish installing the windows
• Fitting the internal joinery, the doors, the architraves and
the skirting boards
• Move in to unfinished house

• Finish the house

Figure 4- 8: Project timeline of case study 2
4. 5.4 Challenges of case study 2

Constructing this building had some major challenges that affected the project. These
challenges can be categorised as follows:
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Coordinating the main contractor to bring materials from five different countries

The owner decided to provide materials from five different countries based on three years
research. The energy emitted by transporting the material was high but during the total life of
the building, which would be between fifty to one hundred years; it was an efficient use of
eco-friendly materials. The challenge related to providing materials from different countries
involved procuring material from five countries which posed the risk of delay. Transporting
the windows from Sweden were delayed which caused additional cost due to paying more
rent and mortgage.
-

Keeping the project on budget

Keeping the project on budget was another serious challenge and even caused time
limitations. The project had to be finished in six months to reduce the cost of rent and
mortgage. In addition, over costing the project could cause other serious problems because if
it went over the budget, the owner would either put the project on hold or try to find other
employment and in the worst case they had to sell the unfinished house because they could
not afford any further cost.
Figure 4-9 summarises the challenges, reasons, and the results of these challenges on this
project.
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Using eco-friendly
materials during
building life cycle is
efficient

High energy
emission for
transporting
materials
Coordinate main
contractor to
bring materials
from 5 different
countries

Make
delay

Challenges

Providing
the windows
from
Swedish
factory

Time limitation
(6 months)

The piece of
information sort
for the windows,
have strayed

Another serious
problem is that
the Swedish
Factory closes
down for the first
three weeks of
July

Add cost of
rental and
mortgage

Find different
employment

Cost
limitation
(£350,000)

Put the project
on hold
Sale the house
(worst case)

Figure 4- 9: Challenges of constructing the house for case study 2
4.5.5 Materials for case study 2

One of the most important parts of this project was choosing eco-friendly materials from five
different countries to save money.
The materials used in the building, were concrete, cedar shakes and timber frames. The use of
most of these materials was successful, excluding the window frames which were delivered
76

Chapter 4

Grand Designs

from Sweden five months late, which delayed the project and added extra costs. The cedar
shakes from Canada were on time and it was economical and environmentally friendly
materials. Although through the excellence pursuit by the owner, the schedule collapsed. The
end result was completely acceptable and delivered the owner’s vision. Table 4-5 summarises
these materials with their benefits and their results.
Table 4- 5: Materials for case study 2
Material

benefits

result

Final result

Concrete
Basement

-Familiar for the builders

-Environmentally
unfriendly material

-Successful

Timber
frames
structure

-Naturally insulated

-Fast

- Fast
-Thermally efficient

-Successful

-Economic
-Environmentally friendly

Cedar
Shakes

-Environmentally friendly
-Economic
-Tightness
- Cedar wood’s oil protects and waterproofs
the outer skin naturally to make the structure
thermal efficient.

-Successful

- Does not need any treatment
-Used naturally

Window
frame

-Environmentally friendly

-Add cost

-Super insulating triple glazed window made
from composite engineered timber

-Five
delay
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4.5.6 Finding from case study 2

Figure 4- 10: Finished building of case study 2
(McCloud, GRAND DESIGNS 2003-2007)
This project was an innovative one for the owner because it was his first experience of
constructing a house. The material procurement was so complicated in this project. Although
the project was stressful because of the risk of transporting materials from different parts of
the world and using two main contractors to construct the house, the project can be
considered a successful project because it was a building with a proper architecture and being
on budget. The vision was also completely delivered. The owners persuaded themselves that
to build a sustainable, light, and thermally efficient house with proper connections to the
landscape and minimal heating would need great architectural design.
The windows can be considered as a failure aspect of this project because of the delay in
bringing them to the site, although they were high quality, airtight, and extremely good at
keeping heat inside the house.
 Procurement management is one of the most important aspects of this project as a result
of providing materials from five different countries. The clients did not have good
management skills, which created a lot of delays and added to the final cost of the project.
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4.6 Case study 3: Episode 18, Series 5, Art deco house
4.6.1 Introduction of case study 3

Figure 4- 11: Building visualisation of case study 3
(McCloud, GRAND DESIGNS 2003-2007)
In this episode, the owner decided to construct a new house which would satisfy their desires.
They demolished their old house to construct a new one and considered that £350000 would
be needed to construct the new house. Table 3-6 shows the role of the people involved in the
project:
Table 4- 6: Characteristics of case study 3
Designer

Project manager

Contractor

Architect

Professional builder

Main contractor
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The special aspect of this project was constructing an art deco house using professionals for
its construction. This case study helps to find out the impact of using professionals to
construct the building compared to the other projects, which did not.
4. 6.2 Vision of case study 3

The owners decided to construct a glamour house in the 1930 style but with a 21 st century
modern art deco house with lots of arcs and glasses. They decided to construct a sustainable
house by using 4000 litre tank to solve the problem of water shortages. It was included a
grey-water system to flush all the toilets and feed into washing machine as well. In addition,
they used eco-friendly concrete and super-lightweight blocks.
They planned to spend £350,000 for the building construction and take nine months to finish
the task.
Figure 4-12 shows the vision of constructing the art deco house and the most important
aspects of this vision. The top part of the chart shows the owner’s vision to construct a
sustainable art deco house, which was designed by the architect, to use a water tank, ecofriendly concrete, super lightweight blocks and solar panels. The bottom part of the chart is
the architect’s vision.
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Vision

Sustainable
house

Art deco house

Water tank

Superlightweight
blocks

Eco-friendly
concrete

Solar panels

Figure 4- 12: The vision of case study 3
4.6.3 Delivering the vision of case study 3

Construction commenced in April 2006 and was planned to last nine months. In April 2006,
the owner employed a builder who was an experienced project manager. The superlightweight blocks made from recycled materials were used for the walls instead of the
traditional concrete blocks which are made out of cement. The super-lightweight blocks are
one third the weight of traditional concrete blocks because inside them are millions of tiny air
bubbles. All that air also makes the blocks great for insulating the building, especially when it
is combined with foam sheets and installing another layer of dense recycled blocks on the
outside. All of this makes the building much more thermally efficient.
In May 2006, the roof was constructed but the roof company had a problem in making glass
parts because it was impossible to join the pitched roof together structurally; therefore, a lot
of timber was used to stop the roof from pulling sideways and to brace across the triangle
between two pitches. All of this added to the cost of the project and also was against the art
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deco house design. In addition, the rainwater-harvesting system was fitted and the house was
watertight, and also the double glazed aluminum windows were fitted.
The most focus was on the exterior of the house; therefore, the owners decided to travel to
Miami, America to visit some art deco houses and get some ideas for their house.
One great challenge in the construction was plastering the curves into the beautiful
streamlined shapes, which had not been done for seventy years.
In August 2006, two specialists were engaged to the project to put the render on and tie the
bricks, block work, concrete, cement and curves together.
In March 2006, the house was finished, and it was only one month over schedule.
Figure 4-13 represents delivering the vision for constructing the house and how the project
had been progressed from April 2006 to March 2007.

April 2006

May 2006

August 2006

March 2007

• Used builder who was an experienced project manager
• Constructed the walls with super-lightweight blocks

• Constructed the roof
• Fitted rainwater harvesting system
• put double glazed aluminum windows

• Put render on the bricks

• The house was finished

Figure 4- 13: Project timeline of case study 3
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4.6. 4Challenges of case study 3

The main challenge in this project was plastering the curves to transform them into the
streamlined shapes required for an art deco house, a task that had not been done for seventy
years. It was a challenge because the group of specialist did not have any experience.
The project was not challenging because of efficient research, obvious aim and vision, and
the use of professionals.
4. 6.5 Materials for case study 3

One important aspect of the project was choosing eco-friendly materials to construct the
sustainable building. As mentioned before, the materials and instruments used in this building
were super light-weight blocks, green concrete, super-efficient insulation and lighting,
rainwater harvesting system and solar panels. Table 3-7 shows the materials used, with their
benefits and results.
Table 4- 7: Materials of case study 3
Material

Benefits

Final result

Concrete Basement

Eco-friendly

Successful

-Thermally efficient

Super light-weight block

- Made
materials

from

recycled

Successful

-Environmentally friendly

Double glazed aluminum Thermally efficient
window
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4.6.6 Finding from case study 3

Figure 4- 14: Finished building of case study 3
The project was finished one month late and it was cost £400,000 which means it was
£50,000 over budget. Generally the project can be considered to be a successful hybrid of a
mix of modern technologies and details from the 1920’s and 1930’s.
 Using professionals like an architect, project manager, builder, etc. was one of the main
reasons for the project being a success, because it kept the project on track and there were
no serious problems during construction. In addition, good research and effort on
selecting materials and instruments were other reasons for its success.

4.7 Analysis of season five of Grand Designs
In this part, 18 case studies from season five are considered and compared to each other. This
review of 18 episodes helps to find out more accurate and general data about different aspects
of building construction such as:
- Using professionals
- Delay
- Over budget
- Sustainability
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- Challenges in the projects
4.7.1 Using professionals in the projects

One important aspect of each project was using professionals, which affected the success or
failure of the project.
Table 4-8 shows use of a project manager, architect, builder and the projects delivered by the
owner.
Table 4- 8: Use of construction professionals
Project

Project manager

Architect

Builder

Work by the owner

Episode 1

×

√

×

√

Episode 3

×

√

×

√

Episode 4

√

√

√

×

Episode 5

×

√

√

√

Episode 6

×

×

√

√

Episode 7

×

√

√

√

Episode 8

√

√

√

×

Episode 9

×

√

√

×

Episode 10

×

√

√

√

Episode 11

×

√

√

×

Episode 13

×

√

√

×

Episode 14

×

×

√

√

Episode 15

×

×

×

√

Episode 16

×

√

√

√

Episode 17

×

√

√

√

Episode 18

√

√

√

×

Episode 19

×

×

×

√

Episode 20

×

√

√

√
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Architect

The architect is one of the important building professionals because the architect designs a
house to deliver 20 or 30 years of future occupancy and also decides how the occupants will
live in the building. It is essential to use an architect’s services from the beginning to the end
of the project in order to minimise any form of compromise (McCloud 2009). Among the 18
case studies, 14 of the projects had a professional architect design for their house while 4 did
not.


Project manager

Another important professional is the project manager because the project manager is
responsible for directing and organising a professional team of builders such as a main
contractor, sub-contractors, engineers, quantity surveyor, and even an architect. It is therefore
necessary to hire a project manager and give him/her the maximum of responsibility for the
team because he/she can maximise work efficiency (McCloud 2009). In most case studies,
the owners preferred not to use a professional project manager, although in 3 instances they
did. In most studies the owners managed the projects despite having no previous experience.


Builder

A builder is responsible for delivering a perfectly finished house and landscape as decided by
the owner or project manager (McCloud 2009). In 14 of the projects, a builder was employed,
but in 4 projects, the owner did most of the work.


Work done by the owner

In twelve projects the owners were involved as either the project manager, architect, or
builder, etc.
4.7.2 Delay

Table 4-9 represents the percentage of delay in each case study.
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Table 4- 9: percentage of delay
Projects
Episode 1
Episode 3
Episode 4
Episode 5
Episode 6
Episode 7
Episode 8
Episode 9
Episode 10
Episode 11
Episode 13
Episode 14
Episode 15
Episode 16
Episode 17
Episode 18
Episode 19
Episode 20

Delay (%)
21
40
100
0
100
163
114
83
71
42
150
167
100
11
0
50

As table 4-9 shows, the average percentage of delay in the projects was 75%, which is rather
a large amount and it shows that the estimated time to complete the project was not accurate.
Also other factors occurred during construction such as the partial collapse of walls while
retrofitting an ancient building, design change by the owners etc. affected the project’s
construction time. In this part the effects of using different professionals and the percentages
of delay are described.
 The results show that the percentage of delay in those projects where architects were used
was 66%, and without an architect the percentage jumped to 104%.
 The percentage of delay in the projects with and without a professional project manager
was 91% and 72%, respectively.
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 The percentages of delay for projects with and without professional builder were 82% and
57%, respectively.
 Projects with and without owner participation had 71% and 83% of delay respectively.
4.7.3 Over Budget

Table 4-10 shows the percentage of over budgeting in the case studies, with the average being
35%. Kevin McCloud in his book “Grand Designs Handbook” mentioned that a 20%
contingency fee should be added to the project to make sure the expenses are affordable
(McCloud 2009). But results from the series 5 of Grand Designs showed that 20%
contingency fee was not enough, and it should be between 35%-40%. The amount of
contingency allowable for normal projects is considered to be less than 5% of the total cost of
the project (Hart 2007).
Table 4- 10: Percentages of over budgeting in the projects
Projects
Episode 1
Episode 3
Episode 4
Episode 5
Episode 6
Episode 7
Episode 8
Episode 9
Episode 10
Episode 11
Episode 13
Episode 14
Episode 15
Episode 16
Episode 17
Episode 18
Episode 19
Episode 20

Over Budget (%)
55
33
100
0
7
6
12
25
50
7
88
18
10
78
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In this part the effects of using different professionals in the projects are mentioned and the
percentages of over budgeting are mentioned.
 The results show that the percentage of over budgeting in projects with and without
architects was 36% and 34% respectively, which is almost the same.
 The percentage of over budgeting in the projects with and without project managers was
58.8% and 34% respectively.
 The percentage of over budgeting in the projects with and without professional builder
was 34% and 37% respectively.
 The results from 18 episodes show that the percentages of over budgeting in the projects
with and without owner participation were 36% and 32% respectively.
4.7.4 Sustainability

Another important aspect of each project was constructing a sustainable and environmentally
friendly house by using eco-friendly materials and technologies like solar panels and wind
turbines.
The architect has an important role in designing the building and choosing the materials and
devices. The results show that of those projects which had architects, 36% were sustainable
buildings while the number of buildings without an architect was 25%. These results show
that although the percentages of eco-friendly buildings with an architect was more than those
without an architects, the architect needs to put more effort into designing sustainable
buildings and encourage their customers to reduce their environmental impacts during the life
cycle of the building.
On the other hand, the percentages of over budget for sustainable buildings and unsustainable
buildings was 32% and 34% respectively, which shows that the sustainability aspect did not
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have much effect on over budget in compare to unsustainable projects by having a correct
design and efficient cost planning.
Moreover the percentages of delay in sustainable buildings and unsustainable buildings were
43% and 87% respectively, which shows that sustainability does not affect the timeline of the
project compared to unsustainable projects.
4.7.5 Challenges in the projects

Table 4- 11: The number of challenges in the case studies
Challenges
Budget limitation
Time limitation
Weather issue
Not using professionals
Design change
Site issue
Design issue
Unexperienced team
Challenges for retrofitting ancient buildings
Issue with architect
Building approval issue
Unexpected cost for retrofitting existing buildings
Poor managing
Not providing detailed design for the workers
Unexpected cost for changing/adding materials
Neighbours issue
Innovative materials
Delay in material's delivery
Not professionally work
Work was done without design
Difficulties for finding contractor
Using many contractors
Wrong cost calculation by the architect

Number
12
9
7
6
6
5
5
4
4
3
3
3
2
2
2
2
2
2
1
1
1
1
1

Table 4-11 represents the percentages of different challenges in the 18 case studies.
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The most common challenges in the projects were budget and time limitations, which were in
12 and 9 projects respectively.
In 7 of the projects the biggest issues were related to the weather, which was a challenge.
This issue was not negligible because it is only related to the weather conditions. This
problem was occurred mostly during the winter which means trying to construct the building
before winter to protect the materials from rain and frost. Moreover, working in cold weather
decreased the speed of the team and added costs and time to the projects.
In 6 of the projects the design was changed during construction, which added to the cost and
construction time. The reason was poor communication between the architect and the owner,
which resulted in the owners change the design to achieve their desired house. In addition the
failure to use professionals was another serious issue in the projects.
Other common problems in five projects were site and design issues.. Site issues were the
result of difficulties in transporting materials and devices to the site. Design issues were a
challenge, for example mistakes were made calculating the size of windows and sheets of
glass, as well as the thermal efficiency of the glass.
Other common challenges in 4 of the projects were:
-

An inexperienced team

-

Retrofitting ancient buildings

Other irregular challenges are listed in Table 4-11.
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4.8 Conclusion
In this chapter the author analysed the series five of the television show, Grand Designs. The
results from this chapter provided the qualitative and quantitative data about residential
buildings.
The most common challenges faced by the owners constructing residential buildings were
delays and understanding their budgets, not because of sustainability but because of the
complexity of the projects. The results of 18 different case studies showed that it would be
necessary to consider an additional 40% contingency fee to ensure they can be finished
without having cost issues.
The results also showed that constructing green buildings between 2003 and 2007 were one
of the sources of challenges because sustainable buildings are mostly innovative, and this
innovation aspect caused difficulties due to the lack of experience for the architect and
delivery team, and even for providing materials.
There were some barriers into constructing sustainable buildings as:
 Using innovative materials can add extra cost and delay when the builders have no
experience with them.
 Failure in one aspect of the project can affect the other aspects of the project, such as
proper communication between the team and the clients.
 Providing eco-friendly materials from other parts of the world can cause delay in the
project, which means there is a need for procurement management.
 Proper knowledge of choosing the right materials for the projects is essential.
Constructing sustainable buildings was often complicated and resulted in budget blowouts
and delay in the projects, factors that often discourage owners from constructing sustainable
92

Chapter 4

Grand Designs

buildings. Also some project builders were not interested in constructing innovative buildings
because of lack of experience even though in most projects the results were affordable and
the owners achieved their main aim.
The successful buildings were the consequence of cooperation between the client, the
architect, and the builder, without this cooperation, the possibility of failure was very high
(McCloud 2009). In addition the project manager can manage all the different aspects of the
project to make sure that the project remains on track. Table 4-12 shows the percentages of
delay and over budgeting in the projects depend on using professionals.
Table 4- 12: The percentages of delay and over budgeting in the projects that depended on
using professionals
Delay (%)

Over budget (%)

Used

Not used

Used

Not used

Project manager

91

72

59

31

Architect

66

104

36

34

Builder

82

57

34

37

Work done by
the owner

71

83

37

32

The results from Table 4-12 show that those projects with an architect had the least delays,
and projects without the architect had the highest amount of delays; but using professionals
does not affect the percentage of over budgeting because the results from Table 4-12 shows
they are similar.
Many of the challenges mentioned in this chapter only seem to be issues for residential
buildings rather than commercial ones. Going over the budget does not seem to be an issue
for commercial buildings because professional estimators are used. Other challenges like site
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issues, innovative materials, and design change can be a challenge for commercial buildings
as well, but this will be mentioned in Chapter5.
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Chapter 5
The SMART Infrastructure Facility and the Sustainable
Buildings Research Centre case studies
5.1 Introduction
This chapter consists of two first-hand case studies, the SMART Infrastructure Facility
and the Sustainable Buildings Research Centre (SBRC) at the University of
Wollongong. The SMART Infrastructure Facility is supposed to be a Four Star Green
Star building; however during this research, certification was still in progress and the
documentation was not completed. The SBRC project is targeted to be a Six Star Green
Star building with a Living Building Challenge Certificate.
These two buildings were chosen as case studies because the SBRC project has the
highest level of sustainability ever attempted by UOW while the SMART Infrastructure
Facility is a typical building aiming to be sustainable. The SMART Infrastructure
Facility has been in operation since February 2011 while the SBRC project was in its
construction phase at the time of this research and is planned to be finished by mid 2013.
The challenges and difficulties involved in delivering sustainable buildings are worked
out discussing the ideas put forward with the people involved in these two accessible
projects.

5.2 Methodology
The methodology for this chapter is a semi-structured interview with people involved in
these projects. There were some difficulties with this methodology, such as obtaining
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the agreement to interview the people involved and then confirming and processing the
large amount of data. Another challenge concerned the accuracy of data because the
interviewees would need to recall their stories (Ambrosini, Bowman and Collier 2010).
In order to reduce the risk of data inaccuracy, interviews were conducted with as many
people as possible, so that their ideas and beliefs could be compared and the results
would be realistic. Fortunately these case studies are first-hand and the results will be
visible.
The SMART Infrastructure Facility is in the occupation phase; therefore, most
interviews were with UOW staff, including end users such as the senior manager, chief
operating officer, engineering operations manager, laboratory officer, and project
manager. It was impossible to contact the contractors, estimator and some other groups
involved in the project because they had long since dispersed. On the other hand, SBRC
is in the construction phase and the author had access to the whole delivery team and
end users such as the director, project manager, academic staff, building contractor,
estimator, structural engineer, ESD consultant, and IT manager. The result of the
interviews from these two case studies provides a comprehensive source of data.
Table 5-1 lists the interviewees for the SMART Infrastructure Facility and the
Sustainable Buildings Research Centre.
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Table 5- 1: The interviewees for the SMART Infrastructure Facility and the Sustainable
Buildings Research Centre
Interviewee’s role

SMART

Infrastructure Sustainable Buildings

Facility

Research Centre

Director

×

√

Project manager

√

√

Senior manager

√

×

Laboratory manager

√

×

Academic staff

×

√

Builder contractor

×

√

Cost planner

×

√

Structural engineer

×

√

ESD consultant

×

√

IT manager

×

√

Chief operating officer

√

×

Engineering operation manager

√

×

All the interviews were carried out according to UOW HREC Ethics Approval (Ethics
Number: HE12/020). The Participant Information Sheet forms were sent to the
interviewees asking for 30 minutes of their time for an interview. After the interview, a
summary was written and sent back to each interviewee for their approval. They were
later contacted in case of no reply. The ethics approval, consent forms, and
interviewer’s reports are attached in the Appendices B, C, and E.
As mentioned previously, interviews were conducted in a semi-structured way. A rough
structure consists a set of questions is used to lead the conversation (Table 5-2).
In each interview it is attempted to identify the interviewee’s role including how and
when they started to be part of the project. These questions helped the author to gain a
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general idea about people’s role in these projects. The reason for asking the time people
became involved in the project was to find out at which stage they joined the project
and whether they had created the vision or just delivered someone else’s vision.
In the next part the present author has tried to find out the following matters: 1. what the
vision of interviewees was if they were contributed to the vision or just reacted to it, 2.
whether the vision of people who joined the project in the early stage was changed.
Then, in each interview the author has tried to find out how the interviewees delivered
their vision and what their strategy was for achieving their aims. The author has also
asked them to articulate the challenges and difficulties they experienced while
delivering the vision and whether they achieved their aim.
Since this research is about sustainable buildings, one important part of this study is to
compare the SMART Infrastructure Facility and the SBRC. The SMART Infrastructure
Facility is a Green Star when it was not designed for a Green Star; whereas, the initial
concept of the SBRC was to be a 6 Star Green Star building and the goal of achieving
Living Building Challenge certification was added after the funding was approved. The
aim of the SMART Infrastructure Facility was designed to be an energy efficient and
cost effective building but there was no plan for the Green Star until later; therefore, the
focus was on discovering the interviewee’s idea about these rating systems, the
challenges and difficulties they faced in achieving this aim.
In the last part of the interview the present author tried to discover the positive and
negative aspects of the projects, what the interviewees would do differently if they
wanted to start the project again, and what advice they would give to other people
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interested in sustainable buildings in order to decrease the mistakes and encourage
people to construct green buildings.
Table 5- 2: Interview questions

Role

Vision

Green

-

What was your role in the project?

-

When did you start to be part of this project?

-

How did you start to be part of this project?

-

What is your Vision of the SBRC/SMART Infrastructure Facility?

-

What was your strategy to achieve the main aims of this project?

-

What were the main challenges?

-

How much did you achieve the main view?

-

Do you think this is successful project?

-

If you wanted to start another project, would you go for Green

Star/LBC

Star/LBC?
-

What were the difficulties involved in achieving the Green
Star/LBC?

Advice

What would you do differently if you wanted to start this project
again?

-

Do you have any advice for other people who are interested in
constructing this kind of buildings?

There were also other questions asked, which were specific to each person with a role in
the project. As an example, there were some questions to the project manager that were
directly related to managing the project and there were questions about the design of the
project directed to the architect. These are listed in the Appendices D.
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5.3 SMART Infrastructure Facility

Figure 5- 1: SMART Infrastructure Facility (SMART Infrastructure Facility 2012)
This section discusses the SMART Infrastructure Facility with the following structure,
which has a similar approach to the Grand Designs case study. A similar approach for
the SBRC project was also adapted. The structure for this part is:
-

Building Introduction

-

Interviewee’s introduction

-

Project’s vision

-

Time and cost of the project

-

Sustainability

-

Challenges

-

What to do differently for the project?

-

Advice

The structure is divided into these parts because the project and the interviewees are
introduced first. Then the vision for constructing the building and the project is
mentioned to find out how the building helped meet the vision of the project. In the next
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part, the time and cost of the project and the reasons for delays and over costing are
mentioned. Then the sustainability aspects of the project are discussed and in the last
parts the author mentions the challenges, the weakest parts of the project, and then their
advice on how to improve the projects.
5.3.1 SMART Infrastructure Facility Introduction

The SMART Infrastructure Facility is the first building registered on the Wollongong
Campus to achieve a Green Building Council of Australia (GBCA) accreditation under
the Green Star Education rating tool. The building is currently in the final stages of
documentation for Green Star certification and is expected to get a 4 Star Green Star.
The SMART building is a four-story building of 12,000m2, which is located in the
University of Wollongong main campus. The SMART Infrastructure Facility is a
research centre, which includes a great research team with 200 higher degree research
students.

The SMART Infrastructure Facility has a high-tech seminar and small conference
facilities for different groups of users such as industry, government and visiting
scholars. There are 30 specialist research and education laboratories located in the
building, which provide a range of infrastructure services such as electricity, energy,
water, gas, transport, rail and road. The SMART Infrastructure Facility was constructed
to increase cooperation between academia, government, research organisations and
industry (SMART Infrastructure Facility 2012)

This building was occupied in February 2011 and as a research student, the author has
been one of the occupants.
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This initial information was gathered from project documentation from the UOW
website.
5.3.2 Introduction of interviewees to the SMART Infrastructure Facility

As mentioned previously, for the SMART Infrastructure Facility the present author did
not have access to many people involved in the project because it was a finished project,
so present author selected groups of important people in the project and then discussed
with the project manager to choose the best people involved in the project.


Project manager

The first interviewee was the Project Manager at the University of Wollongong because
he looks after a lot of new buildings. The Smart Infrastructure Facility received funding
from the Federal Government and the Project Manager was the University’s project
manager to manage the consultant, the user groups (University), and the builders. He
began this work in December 2009 and the building was occupied in February 2011.


Senior manager

The Senior Manager was responsible for providing the content of the use and
expectation of the SMART Infrastructure Facility, and therefore he was involved in the
function of the building rather than its construction.


Chief operating officer

The Chief Operating Officer has responsibility for managing the building within the
SMART building. The University recruited her in February 2009 when the building
plan was set in order to manage the facility. Her role was to coordinate the users within
the space and fit them all into the building and keep everyone happy. A decision was
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made to share some laboratories between the faculties and also share the space between
PhD students with similar interests.


Engineering Operations Manager

The Engineering Operations Manager had been working in the Engineering Faculty for
27 years, so he had a long history in the old building. When the University received
funding to construct the new building, the old building was demolished. He helped the
architect in the design of the new building because of him being an occupant of the old
building for approximately 24 years. Due to his experience with laboratories and
workshops, he was involved in the design process to satisfy engineering needs in the
new building. The criteria were to make the building practical for the users because the
old building suffered from poor access, poor lifting capabilities, power requirements for
lighting, and headhigh, etc. One of the primary requirements was to design the doors to
allow access to the workshops, highbay areas, laboratory spaces, and to lift heavy
equipment off trucks.


Laboratory manager

Laboratory Manager was associated with the SMART Infrastructure Facility project
from the beginning, when the existing resources from the old building were moved and
relocated in the new building. He was involved in the discussions and meetings to
decide how the rooms and building would be allocated to different schools, because
there were different spaces allocated for laboratories as well as a research centre for
postgraduate students, and offices for research. He represented the school of Electronics,
Computer and Commutation Engineering and helped in the preliminary work and also
helped ICTA to make some additional space for Mechatronics in the SMART
Infrastructure Facility.
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These are the people who were available for interview. The weakness of this case study
approach was not having access to other people who were involved in the project,
particularly the architect, despite a lot of effort being made to contact him.
5.3.3 Vision for the SMART Infrastructure Facility

The Project Manager’s vision was that this new building would have the same footprint
as the old one story engineering building. The first section was built around the 1950’s
and early 1960’s and two buildings have been added on over time, but the whole was
not designed very well. After 40-45 years of use a new building was needed because the
present building had reached the end of its design life.
The Senior Manager’s view was that the motivation for a new building was to replace
the old one story building and improve the research and teaching facilities. The
University was successful with a grant from the Government because of the idea to use
the building to analyse and simulate infrastructure to capture money. The uniqueness of
the idea and argument that Australia needs a SMART Infrastructure Facility resulted in
gaining the funds.
The Chief Operating Officer mentioned that the vision was to boost UOW in its
research ranking meaning the need for publications, PhD students, and a research output
with facilities such as laboratories for the Engineering, Informatics, Commerce, and
Science Faculties, to help them to do research in the infrastructure space.
When the Government agreed with the concept, the building turned out to be an
AUD$40M, 4 storey facility of 12000 square metres while the original building was
only 3000 square metres.
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It was estimated that it would take 2 years to construct this building, but it took 6
months since old building was demolished to commence the foundations for the new
building, which took a longer period of time.
The SMART Facility houses 200 PhD students who do research on infrastructure to get
engaged with industry in specific areas such as climate change, water, and mechatronics.
The vision for sustainability came from a Senior Manager who had looked at the Green
Star, knowing that it existed, and who then asked the architect for a Six Star Green
Building. The architect thought it was impossible to achieve a Six Star Green Star with
the money available and the footprint of the building, so the aim was to construct the
building as quickly as possible and them minimise the energy usage consistent with the
budget and achieve as many stars as possible.
5.3.4 Time and cost for the SMART Infrastructure Facility

The University received an $AUD35M Education Investment Fund grant from the
Federal Government in December 2008 to support capital building, which was one of
the highest grants allocated to universities, and then by May 2009 the ground was
broken. The cost of construction was about $AUD42M. The University put $AUD17M
of their money in to the project, which was for salaries and operating costs, while most
of Federal Government money was spent on the physical building.
The project was 4 months over time due to an initial issue on site when the site was
broken in May 2009, and then another delay due to the formwork company getting into
trouble, so the University worked to get those people re-employed. Work stopped
during this process, and rain in February broke the drought, which had a further impact
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on the project time. The schedule was to finish the project in October 2010 but the real
time to move in was February 2011, which was excessive in the scale of a big project.
5.3.5 Delivering the sustainability aspect of the SMART Infrastructure Facility

The Vision of the SMART Infrastructure Facility was to construct a sustainable
building as much as possible. The SMART Infrastructure Facility is supposed to be a
Four Star Green Star building because during this research the documentaries had not
been finished and process was still in progress. This part of the study is from the
documentation for the SMART Infrastructure Facility for achieving Green Star points.
The sustainability aspects of the building are:


Mechanical aspects: efficient work with chillers and louvres

The vision was to construct an energy efficient building, and to achieve that aim a
mixed mode ventilation system was fitted to complement the air conditioning system
and reduce amount of energy consumption.
The ventilation system in the building is a mixed mode system to control the
temperature between 21°C to 25°C for most areas on levels 1 to 3, including most
laboratories, offices, and corridor areas. This system uses the natural prevailing winds in
combination with louvres and exhaust risers and an air conditioning plant.
To make this system operate, pressing the occupancy sensor is only needed. Inside
semi-occupied spaces such as laboratories, this system works for 2 hours by pushing a
switch. For office spaces it operates between 8am and 5pm and outside of this time it
operates like semi-occupied spaces (laboratories).
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Natural airflow is promoted by using the mixed mode ventilation which utilises facade
louvres and natural air risers. This system provides comfortable internal conditions with
minimal mechanical ventilation when the external temperature is below a set point. The
mechanical ventilation systems start operating when the internal temperature reaches an
adjustable set point. In order to achieve maximum energy efficiency, the economy cycle
runs before the mechanical cooling via the chilled water system begins to operate.
In order to lower the internal temperature and reduce further energy consumption, the
natural vent systems utilise night purging to pre-cool at the appropriate time. The room
temperature sensor controls the mixed mode system by linking to the Building
Monitoring system (BMS), which has a weather monitoring station with an excessive
weather override function.
There is a room temperature sensor, which is linked to the BMS to control the mixed
mode system. The BMS has a weather monitoring station with an extreme weather
override function. The rainfall and wind speed are measured by a roof mounted weather
station in order to keep the building from getting damaged by unfavorable weather
conditions, in which case the ventilation façade louvres close.
During the design phase, the mixed mode ventilation system showed that breezes are
common from the north eastern quarter, so a southern summer cooling and natural
ventilation system could be used most efficiently. Figure 5-2 shows the SMART
building orientation.
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South
summer
cooling
breeze,
AM+PM

NE
summer
cooling
breeze,
AM+PM

Figure 5- 2: The SMART building orientation
(Mourtos, Draft welcome to SMART Infrastructure Facility 2012)
The Chief Operating Officer believed that using a mixed model of air conditioning was
a challenge for the students and lab users to accept having open louvres rather than
having air conditioning on all the time.
As a building occupant, the author believes using mixed model of air conditioning in the
building is appropriate and opening the louvres helps to use fresh air in the office. The
only problem for this system is that it works automatically and does not let users decide
to use the air conditioning system or open the louvres.


Indoor air quality

The quality of air inside the building can be threatened by poor ventilation and pollution
from materials used in the building. The use of substances such as Volatile Organic
Compounds (VOCs) and products containing formaldehyde were minimised in this
building. The mixed mode ventilation was provided to remove indoor air pollution.
Daylight access in all offices, most laboratory spaces and the atrium is another aspect of
indoor air quality, which helps the occupants to have access to an external view. Most
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views from the north and western side of the building are the ocean or the Illawarra
escarpment (Mourtos, Draft welcome to SMART Infrastructure Facility 2012).


Electrical aspects: lighting systems and Building Management Control System

The lighting system for the corridors, offices, and laboratories are low brightness
fluorescent troffer luminaries with high efficiency T5 lamps and high efficiency ballasts.
In some instances compact fluorescent lighting were used with high efficiency T5 lamps
with high efficiency ballasts.
The BMS used for lighting system turns off most lighting outside business hours. For
safety and after-hours access, only the security lighting is left on while other lights can
be turned on for 2 hours by pushing the after-hours override switches in the corridors.
The lighting system for offices and laboratories are manual switches located next to the
entrance doors. The lighting system for meeting rooms and resource rooms has
occupancy sensors which automatically turn light off after 20 minutes of no activity
(Mourtos, Draft welcome to SMART Infrastructure Facility 2012).


Hydraulic aspects: using rainwater harvesting

Rainwater harvesting captures water from the roof and uses it in toilets and urinals,
through external hose taps for landscape watering. It is supplied to the fluids laboratory
to fill a rainwater storage tank with 130,000 litres capacity as much as required. This
method helps to reduce the consumption of water in the building. The water meters are
fitted in the rainwater harvesting system to measure the amount of water saved
(Mourtos, Draft welcome to SMART Infrastructure Facility 2012).
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Use of recycled materials in concrete

For the SMART Infrastructure facility, the absolute quantity of Portland cement was
substituted with industrial waste product(s) for 30% in situ concrete, 20% in pre-cast
concrete, and 15% in pre-stressed concrete.
In addition, a further 20% of all aggregates used for structural purposes were either slag
or recycled aggregates. No natural aggregates were used for non-structural uses (e.g.
building base course, sub-grade to any car parks and footpaths, backfilling to service
trenches, kerb and gutter). Incorporation of a suitable proportion of either 10mm and/or
20mm slag aggregate in some of the mixes was the way to reduce use of natural
aggregate (Portella and Koeverden 2012).


Environmental green rated furniture

The focus was on reducing the environmental impact by selecting loose furniture in the
building. Most furniture in the building has certification for environmental qualities
such as being environmentally innovative, reusable, having an eco-preferred content,
durable, product stewardship, and being designed for disassembly.


Transport and Access

Varied public transportation services are provided from the University and the SMART
building to reduce the size of the car parks.
All the following information was gathered from interviews.
5.3.6 Challenges for the SMART Infrastructure Facility

There were different challenges related to the SMART Infrastructure Facility.
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Sustainability

Achieving Green Star added some challenges to the project, which are:
One challenge was the additional capital cost for natural heating and cooling in the
building to save money during operation because the budget was tight.
Another challenge was the use of a mixed model of air conditioning; when the weather
is nice outside the louvres are open. The students and lab find this difficult that they
cannot turn on and off the air conditioner when they want. So in some aspects, obtaining
a balance between achieving the Green Star points and a building that works for the
users has been difficult.
Finally, the steel in the building was another issue because there was a need to purchase
Australian products as much as possible, which added to the cost. Steel was purchased
from BlueScope which was a mixture of Australian and Chinese product.


Time

The Project Manager and the Chief Operating Officer mentioned that time and budget
limitations for the building construction were the main challenges. It was essential to
get in the building in time for teaching. Eleven labs in the building had to be ready in
February 2011 while other parts were not finished, but the whole building had to be
finished for the academic year in 2011. Another reason for the time constraints was
government commitment to finish the building as soon as possible, which meant the
project commenced before the final design was completed, and the cost plus
construction method was chosen for construction. In this method, after getting a rough
design, the builders are engaged to work and the documentation is done for internal
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areas. The workers begin immediately, instead of giving a fixed price before starting
the construction. This method posed a risk to the University because the ultimate cost of
the building would not be known until it was completed, despite the budget limitations.


Multiple users

Some challenges in the project at the design stage were designing a multi user building
which meant gaining agreement from many different types of people, all with different
ideas. Because different parts of the University were involved, there were different
groups of people around the table at the same time working to prepare the proposal.
Even after the money arriving, there were more different users from faculties such as
Engineering, Informatics, Commerce, and Science; therefore, there were a lot of
compromises, budget limitations, and efforts to meet everyone’s demand while
maintaining the primary purpose of the building.


Access

The road orbited the building site and it was surrounded by other buildings, so there
were limitations for site access, which was a physical constraint.
5.3.7 Lessons learnt from the SMART Infrastructure Facility

All the interviewees were asked “What would be done differently for the SMART
Infrastructure Facility?” All of them believed it was a successful project, close to be on
time and within the budget. The building is energy efficient and comfortable for the
users. As a research student at the SMART Infrastructure Facility, the author believes
that it is a comfortable place for research and study although some aspects could have
been better. Occupiers have complained that the louvres work automatically not letting
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them open the windows, when they desire. Occupants of offices situated next to the lift
and the kitchen have complained about noise levels.
Like most projects there are some aspects that can be improved, and they are mentioned
by the interviewees in the following part:


Green Star Certification

The Senior Manager mentioned that the final result for the SMART Infrastructure
Facility was between the Four and Five Star Green Star building. As the project control
group was not experienced and failed to give information about the building’s function,
it has been considered to be a Four Star Green Star building. Poor information about the
Green Star rating was the reason that it did not become a Five Star Green Star building.
The group did not know that constructing smaller building with the same amount of
money or retrofitting later if money came would have helped achieve a Five Star Green
Star rating. On the other hand, the Project Manager believed that getting each point for a
green star was a tedious and costly process. He has also recommended not going for
Green Star certification for future projects and using the University’s ESD guidelines
instead. He also mentioned that achieving Green Star rating can lead to getting away
from truly sustainable solutions in some aspects.


Building design

The Chief Operating Officer believed there are some problems in design which had
made the building less energy efficient such as locating lifts next to the front door
instead of staircases which increased the use of lifts. Their present location caused them
to be used more than the staircases which are far away from the front door. It is actually
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impossible to provide technology and then prevent people from using that, but changing
the design would make it easier to use the staircases more often.


Contract method

As previously mentioned by the Project Manager, using the cost plus contract was a
challenge because there was a risk that building would be well over the budget.
Therefore, it would be more efficient to use a fixed price contract to make sure the cost
is affordable, but this was impossible for the SMART Infrastructure Facility because the
project had to be finished fast and construction started before the design was finished.
5.3.8 Advice from the SMART Infrastructure Facility’s interviewees to improve
sustainable projects

Depending on their role, all the interviewees had different ideas for improving the
project and ensuring that vision was delivered with the best results. Table 4-3 lists the
advice given by different interviewees for the SMART Infrastructure Facility to
improve the quality of the project and offer guidance for future projects.
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Table 5- 3: Advice from the SMART Infrastructure Facility’s interviewees
Role

Advice
Keep everybody in the user groups informed about what is going on

Project

because there were three user groups, Engineering, Informatics and

manager

Science and it is important to keep all of them happy.

Engineering

-Involve technical staff in the design of the building to ensure the

operation

building is used more efficiently and the laboratories and workshops

manager

are practical.
-The team members need to be engaged in the user group meetings.

Chief

-Have a practical eye for improvements along the way.

operating

-Consider the users and customers at different stages of

officer

construction.
Get more information on how to achieve Green Star rating. It is
essential to understand how much effort is required to increase the

Senior

Green Star rating because it is a new area and unfamiliar even for

manager

many of architects. The University needs some philosophy about
the expenses, square metres, function, and other aspects of
achieving Green Star rating.
Consultation is the main key of the projects; there was a lot of

Laboratory

consultations for the SMART building project. It is so important to

manager

talk to stakeholders at different stages of the project to find out their
needs and bring them together. Without consultations the result
would be an impractical building.

5.3.9 Findings from the SMART Infrastructure Facility case study

The key vision for the SMART Infrastructure Facility was to construct a sustainable
building, but this shifted to become a sustainable building with a Green Star. Since the
Green Star concept was an afterthought, it did not affect the cost and timeline of the
project and the results from interviews show that the vision was delivered.
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The interviewees were not totally in favour of Green Star but they did favour
sustainability, which seems to be an issue in Green Star. Even then there were conflicts
between different roles in the project, because the Project Manager believed that a
Green Star rating was too tedious and costly, and suggested it should have not been
used for future projects while the Senior Manager believed it was necessary to go for 6
Star Green Star target for future projects.
Unfortunately, it was impossible to access the design team and delivery team, but
results show that this gap was covered and enough data was gathered to discuss the
results. The Project Manager has a key role in maintaining close contact with the
architect, contractor, and etc., and helped to get enough data.
The SBRC project was a building in progress, so the design team, contractor, project
manager, and etc. were still available which helped with the acquisition of more data
and then comparing the results with the SMART Infrastructure Facility.
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5.4 Sustainable Buildings Research Centre

Figure 5- 3: SBRC (Sustainable Buildings Research Centre 2013)
5.4.1 The Sustainable Buildings Research Centre introduction

The Sustainable Buildings Research Centre is the first building in Australia to attempt
to achieve a Six Star Green Star Rating and a Living Building Challenge certificate. The
SBRC building is 2600m2 and the site is 8000 m2. The construction cost of this building
is $AUD16M, and the planned time for completion is in mid 2013 (Sustainable
Buildings Research Centre 2013).
This building will be occupied by 50 industry research and support staff/students of the
University of Wollongong. The aim of this multi-disciplinary facility and sustainable
building is to address the challenges inherent in sustainable buildings and to assist in the
decarbonisation of the built sector by bringing researchers together. The SBRC will be a
Living Laboratory that will benefit the building industry as a result of sustainable
building technologies and components. The SBRC has a range of facilities:


Large Scale Integrated Component Testing Lab
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Electrical Power Quality, Renewable Generation and Storage Lab



Water Sustainability Lab



Thermal Analysis and Simulation Lab



Roof Top Testing Lab



Building Performance and Monitoring Lab



Sustainability Training Hall



Collaborative Partner Space (Sustainable Building Research Centre 2013)

5.4.2 Interviewees introduction for the SBRC Project

The building is aiming for the highest sustainability rating and since it is still in
construction, there was an opportunity to interview many more stakeholders and obtain
richer data than the Grand Designs and the SMART Infrastructure Facility.
For this project the author interviewed the Director, Project Manager, 5 end users, the
contractor, Estimator, Structural Engineer and IT Manager, but unfortunately we could
not interview the architect.
The reason why these people were interviewed is that people such as the Director,
Project Manager, Academic 1 etc., helped creating the vision, while other groups such
as the Project Manager, Contractor, and etc., helped only delivering the vision; therefore,
interviewing them resulted in a holistic view of the entire project as seen by those who
created the vision and those who are delivering it.


Director

The Director is a professor at University of Wollongong and his research field is
ventilation, pollution control, energy conservation and renewable energy technologies.
He began working on the SBRC project in July 2010 and was the key player in forming
the vision and the key author of the grant application, which ultimately resulted in
funding of the SBRC.
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Project manager

This interviewee which is the Project Manager at Innovation Campus at the University
of Wollongong, has been the project manager of the SBRC project, responsible for its
design and construction. He joined UOW in 2009 and began to work on the SBRC
project in August 2011. His focus was on sustainability for the SBRC project
(Sustainable Buildings Research Centre 2013).


Academic 1

Academic 1 is a Professor in the Faculty of Civil, Mining and Environmental
Engineering at the University of Wollongong. As a part of the BID team, his role in the
first phase (before getting the grant) was to get funds for the Retrofitting for Resilient
and Sustainable Buildings (RRSB) project and the centre research facility (SBRC) with
the aim to construct more energy efficient buildings. After getting the funds, his role
changed to setting the research agenda, identifying the people who needed to become
involved in the SBRC project, and assisting in recruiting them. In addition, he has been
giving advice to Director and Project Manager on the specifications required to make
the SBRC sustainable with respect to its structural components and loading. After
organising the team, he helped them to develop the research agenda, including the
Director, and encouraged his colleagues to become involved in the SBRC project. These
roles are in addition to his current academic and research roles.


Academic 2

Academic 2 is a Senior Lecturer at the School of Electrical, Computer and
Telecommunications Engineering at the UOW. His role at the UOW is teaching and
doing research; teaching involves developing and delivering professional development
for the undergraduate courses in the areas of energy efficiency in electricity utilisation,
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electricity networks energy efficiency enhancement, renewable and embedded
generation, and smart metering and demand side management. The research is basically
a compliment to the above teaching areas, but specifically includes demand side
electricity management, smart grids, building control systems, and monitoring for
energy efficiency. His collaboration with the SBRC started in July 2011.
This interview was done because he had to integrate the building systems with the
technology and research because the SBRC is itself a “Living lab” and he is an end user
of the building as well.


Academic 3

Academic 3 is a lecturer at the University of Wollongong and joined the SBRC project
in August 2011. He is developing laboratories because the building has not yet been
finished, and is also working on research topics such as the air conditioning system and
geothermal heat pump systems.


Builder contractor

The interviewee here is the project director of the construction Company. He started
working on the SBRC project in April 2011. He meets with the clients (UOW and
design team) to estimate the costs because there was a fixed amount of money
designated for the building, so it was essential to come up with an affordable design.
These meetings were from April 2011 up to August 2011, and from September to
November 2011 there was work on the tender. In April 2011 this company was given
the contract and commenced construction, which was estimated to take 12 months.
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Cost planner

The interviewee here is the Quantity surveyor. He and his colleagues joined this project
in terms of cost and design in October 2010 (Cost changes the design and as the project
goes it is reviewed and the price is put forward by the builder). From 17 th April 2012
(the time the project started again) he reviewed the scope of the work, the builder’s
claim, progress of the claim, and any changes in the project through variations. Because
this interviewee is part of the cost planning Company, he will be part of the project until
it is finished.
All the interviewees stated that the budget for the SMART Infrastructure Facility was a
challenge. We have access to the estimator for the SBRC project, and hopefully we can
get more detailed information about the cost of the project and important factors for
managing it.


Structural Engineer

The Structural Engineer managed the design and documentation for the project, and
reported to the Project Director. He also dealt with the architect as the team leader. He
started on the project in June 2011 and was initially involved in the design of the
steelwork for the roof of the office building.


Ecologically Sustainable Design (ESD) Consultant

The ESD Consultant’s role included the following:
-

Providing ESD advice and computer simulation such as modelling the predicted
energy consumption, daylight levels, solar glare and thermal comfort within the
occupied areas;

-

Renewable energy system sizing studies;
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-

Recycled water sizing calculations;

-

Management of the Green Star Design rating;

-

Guidance to achieve Living Building Challenge Status in operation.

The interviewee leads the ESD services on the project.
Her role during the schematic design was to help delivering the project’s ESD
objectives and verifying the environmental targets using computer modelling simulation.
She started work in July 2011.


IT manager

The IT manager started to work with the UOW in January 2011 so she had some
involvement with the SMART Infrastructure facility. Her role for the SMART
Infrastructure facility was to coordinate HDR students into the building physically and
set the computers.
Her formal role with the University commenced in May 2011 as an IT manager related
to the SBRC project, and she continued her job in 2012 on another contract. One of her
projects last year was an SBRC stage 1 paper from the IT perspective.
It is not common to interview the IT Manager but we did because a big part of SBRC is
managing the energy demand and the vision was Net Zero Energy which needs to
generate the electricity we use. This in terms of vision means the occupants of this
building should use less electricity compared to a normal building of the same size. To
achieve that we had to look at where we use energy and a lot of it is for computer
systems, cabling, etc., and this is why the IT manager was interviewed.
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5.4.3 Vision of the Sustainable Building Research Centre

The Director and the Project Manager shared the same vision for the building. They
stated that the original vision set by the University of Wollongong was to be, a 6 Star
Green Star building to decrease energy consumption. The application process was done
in three stages in October 2009, December 2009 and January 2010. In January 2010, the
design competition was between three finalists, and in May 2010, UOW received
funding for the building. In June 2010 the contractor was awarded the contract, which
was about achieving a 6 Star Green Star and in September 2010 the Director and the
Project Manager joined the conference to discuss the possibility of achieving the Living
Building Challenge (LBC). After the discussion the Director asked the design team to
review their design because the Green Star was so prescriptive, and go for the LBC as
well.
Finally, in December 2010, a presentation was given to the Vice Chancellor about two
different design concepts in terms of the shapes of the building, and in February 2011,
the design was submitted.
The Director believed that this project would be unique compared to other UOW
research buildings because the research on constructing this building was as essential
part of the unique service project. The aim was to take advantage of the design of the
building to use it for research and do research about the design of the building as well.
The ESD consultant stated that the vision of the SBRC project was to get as close as
possible to it being a ‘restorative’ building that would have a net positive impact on the
environment. Most buildings today have a considerable negative impact and even
current best practice ESD (Ecologically Sustainable Development) is still far from being
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sustainable. The SBRC is going to be the first building in Australia to achieve Living
Building Challenge certification and it will be the world leadership by achieving the Six
Star Green Star. The SBRC will raise public awareness of restorative buildings and
encourage other projects to achieve a similar performance.
The structural engineer mentioned that the SBRC would be the leader and central hub
for the research into sustainable development in buildings and retrofitting by pushing
towards the following targets:
-

ESD for all buildings (commercial and residential)

-

Net Zero water and power usage

-

Net Zero emissions for buildings over the life of the building

SBRC will be the centre for learning/education and dissemination of knowledge to
inspire others to follow in the same direction.
SBRC will be a 6 Star Green Star Certified and the LBC Certified Research Centre
consisting of a single story High Bay structure for testing and research and a two storey
office and education building.
5.4.4 Time and cost for the Sustainable Building Research Centre

The SBRC project has not been finished at the time of this research so it is impossible to
determine what the final cost and construction time will be compared to the original
budget for the project of $AUD16M. The first schedule for the finishing date was at the
end of 2012, it then shifted to April 2013, and the final schedule date for completion is
in mid 2013 (Sustainable Buildings Research Centre 2013).
Three pictures below show the status of the project in January 2013:
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Figure 5- 4: Status of the SBRC project in January 2013
(Sustainable Buildings Research Centre 2013)

Figure 5- 5: Status of the SBRC project in January 2013
(Sustainable Buildings Research Centre 2013)
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Figure 5- 6: Status of the SBRC project in January 2013
(Sustainable Buildings Research Centre 2013)
5.4.5 Sustainability for the Sustainable Buildings Research Centre

The SBRC project is the first building in Australia that is likely to achieve both the 6
Star Green Star Certification and the Living Building Challenge Certification. The
initial vision of SBRC was to achieve the Six Star Green Star and then the LBC was
added at an early stage of the design. By achieving Six Star Green Star certification, the
SBRC will be a world leader in sustainability while adding complexity to the project
and by achieving LBC, it will become a Net Zero energy and water building.
The Structural Engineer stated that the aim of the SBRC project was to achieve:
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Net Zero water and power usage

Harvesting precipitation on site and managing storm water is the proposed way to
achieve net zero usage without requiring any water from external sources, and treating
and purifying grey water.


Net Zero emissions for the buildings over their lifetime

Achieving Net Zero Energy needed different solutions for every aspect of the project,
such as producing power on site by utilising solar and wind energy, and using natural
ventilation wherever possible, while a ground source heat pump and state of the art low
energy HVAC were added to the project.
Green IT and lighting solutions are other strategies for the SBRC to be a self-sustaining
building, as mentioned by the IT manager. SBRC’s IT team recognised standard IT
solutions for the building or unnecessary cabling should not be used. With IT, the
solution was to have the consultant, technology group, and the architect, to design a
high level design IT infrastructure and the way it is going to be implemented. For this
building, the solution is to decrease the thermal load in the offices by moving all the
processing power for the whole building into one room. In this method the thermal load
decreases by using the air conditioning to cool the room that contains all the process
powers instead of the offices.


Use natural ventilation only

The Director mentioned that the initial aim of the SBRC project was using natural
ventilation instead of air conditioning as far as possible. The ESD consultants decided
on designing thermal and energy modelling of some buildings in parallel with
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architectural iterations based on what they wanted but they did not succeed. One simple
question that they struggled with was “How many solar panels do they need to make
this building Net Zero Energy?” The ESD consultant stated that energy consumption
was a key report, which basically tells what the assumptions are in terms of the size, the
space, and the zone of the building and what the lighting gain is and how many watts
per metre squared they need to spend on lights. The annual energy consumption
modelling was done on the first of June 2011.The problem was that the energy
consumption was too big and they needed a huge solar array; therefore, this was a
massive imperative for the architect. The original modelled consumption was 380,000
KWH/year and they only had half of this amount. They had solar panels all the way
along the roof in north, and all over the office roof, but it was still not enough. They had
to squeeze the energy consumption down to a minimum amount and the normal
benchmarks used by designers found to be too conservative and the size of the PV
systems therefore was decreased.


Use specified materials and avoid Red List materials

Achieving Zero emissions happened by selecting low embodied energy materials and/or
using recycled and environmentally friendly products such as concrete floor slabs brick
walls providing high thermal mass (reducing the energy requirements of the building is
to consider both the initial and lifecycle cost.
For concrete, less Portland cement and more recycled/reclaimed products such as
aggregate substitution was used, as was recycled slag or aggregates from demolished
slabs and reclaimed unused fresh concrete was returned to its manufacturer i.e. an
inadequate slump.
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Figure 5-7 and 5-8 show the risk level for achieving the LBC certificate and the Six Star
Green Star.
Figure 5-7 shows the risk level for the seven petals of the LBC. The Equity and Beauty
petals were the easiest to achieve because their risk level based on documentation was
low. In addition, the risk for site, water, energy and health petals were low and medium
which shows they could possibly be achieved. The most difficult and risky petal to
achieve was Material. Neglecting Red List materials and sourcing them from
appropriate sourcing was difficult. As mentioned previously, all the materials for the
LBC should be provided locally but Australia is a big country and materials cannot
always be sourced locally.
Figure 5-8 was provided in August 2011 and shows the level of risk for achieving the 4
Stars, 5 Stars and 6 Stars for the SBRC project. This figure shows that the initial risk for
achieving a 6 Star Green Star was high, but it has decreased to medium risk for the
current status of the project so achieving a Six Star Green Star for the project is likely to
be achieved.
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Figure 5- 7: Risk level of achieving LBC certificate
(CUNDALL, Risk Review of Targeting a Living Building Challenge Rating 2011)

Figure 5- 8: Risk level of achieving 6 Star Green Star
(CUNDALL, Risk Review of Current Green Star Strategy 2011)
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5.4.6 Challenges for the Sustainable Buildings Research Centre



Dealing with novelty

The Director mentioned that the SBRC is the first building in Australia that the
architecture and partners have designed to achieve the 6 Star Green Star and the LBC
together, although there was no clear direction when they started. They first decided to
construct a Six Star Green Star building and then added the Living Building Challenge
which was a great challenge for the UOW. The LBC can be used as a preferred concept
to replicate low energy solutions for other new buildings.
Therefore, understanding the benchmarks for sustainability was difficult for the
architects because of their lack of experience with LBC, despite having previous
experience with 5 Star Green Star buildings.
Sustainability was another challenge for everyone on the project because there are teams
involved from Sydney and Wollongong. Communicating the vision is very hard from
this distance.


Keep consistency at the UOW campus

The Project Manager mentioned that the SBRC project is located at the Innovation
Campus at the University of Wollongong and needs to become part of the infrastructure
there; this means the SBRC must work with the other buildings and the technology used
in this building is untested and new from the UOW perspective.
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Procurement

The Project Manager mentioned that UOW’s agreement with a certain contractor is
limiting because the contractor has no previous experience with this type of building
and it is difficult to change contractor’s attitude and practices. It was therefore essential
that the architect provide the contractor with all the documentation to ensure they can
achieve the aim.


Sub-projects

SBRC consists of four sub-projects. Each one has a different priority and time frames
which makes the challenge:
1 and 2. Furniture, Fitting and Equipment contract: this is two sub-projects:
-

Collective design input like doors, furniture, table and etc.

-

Recycled content such as recycled timber
3. Green IT project
4. Wind turbine



Dealing with the complexity of balancing Green Star and LBC

Academic 1 believed that achieving a balance between Green Star and LBC is another
problem because their criteria often oppose each other. One issue is thermal comfort; in
Green Star an office temperature should be in a specific range and it should not go
above or below that value for a number of days per year. But providing that temperature
requires equipment for heating and cooling, but it does not worth for 10% of the time.
The priority would be LBC because it helps going for energy efficiency, and not using
heating and cooling systems. For achieving ths aim, it was essential to involve the ESD
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consultants early in the project to force the architect and the ESD consultant to work
together and make sure the model reflects the design planned by the Project Manager.


Living Building Challenge

Academic 1 and the cost planner said that the Living Building Challenge has never been
attempted in Australia before, and still contains many American references, standards
and assumptions. Moreover, Australia is a big, sparsely populated country with limited
manufacturing industries which makes finding locally sourced products that meet LBC
requirements very difficult. This means that some materials cannot be provided locally
and needs to be provided from a long distance such as Melbourne, and Canberra, which
leads to a lot of energy consumption. Supply chains are generally difficult to track and
extracting information regarding products and materials can be difficult.
Cost is also a constraint in terms of achieving self-sufficiency in water and energy even
though the site was well suited to this.


Materials selection

Academic 1 said that achieving the Six Star Green Star and the LBC certificates
required eco-friendly materials in constructing a sustainable building. For instance, the
aim is to use green concrete with fly ash and slag but the supplier cannot provide this
kind of concrete, and the builders do not want to use another supplier who has
experience in providing green concrete because of their relationship with the supply
chain. When the supply chain has no understanding of green materials, procuring them
becomes impossible; therefore, it was important to have people on to work with the
ESD consultant to track material.
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For the builder, the hardest part is the material petal of the LBC because it has not been
done in Australia before, just like the Red List items in the LBC thus when using
sustainable timbers, material petal add to the cost of the project.
Minimizing recycling percentages of waste materials produced while constructing the
SBRC for LBC is another challenge because materials need to be placed in separate bins,
such as timber, plastic, wood, and a general bin for general rubbish for recycling plan.


Net Zero Energy

Achieving Net Zero energy has two different aspects; generating power from natural
energy and utilising low energy using equipment. IT uses a lot of energy in the building
so it is important to have an IT system with enough power to carry the research with
high powered computers but by using efficient amounts of energy. Therefore, some
challenges are related to having an efficient IT system:
The sustainability aspect of the IT system was mentioned by the IT manager. The
requirements and design of IT for SBRC is quite unknown; the equipment that is to be
used in this building is different from other buildings and how it will work and behave
is unknown. As a consequence, the building itself in the SBRC project presents a
challenge.
One challenge is to minimise the use of IT equipment such as cabling because it is
necessary to use low energy materials and the options would be constrained. If the new
equipment does not work, different options might need to be taken to make sure that it
does. Everyone in this project is learning because no one has any previous experience,
so there must be a generous timeline for commissioning the building.
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Understanding customer’s IT need is a challenge for most projects, especially the SBRC
project. In standard buildings where the ultimate end users are established, the IT needs
can be predicted, but for a leading edge research building the project depends on
flexible fund raising to allow a different range of activities to take place, and therefore it
becomes complex.
Thinking about how the IT solution will work over a period of time is another challenge.
The solution must work appropriately at the moment and be adaptable for future work.
Finally, coordinating between IT and constructing the building is always a challenge
because construction will not stop for IT so the IT system must fit into the timeline.
There are one or two critical weeks at the end of the construction schedule where the IT
equipment is needed to operate the building management system for security, and
opening and shutting doors, etc., so the building is not secure and completed until the
equipment has been installed.
Incorporating the Building Management System (BMS) into the IT system is an
essential aspect of the SBRC project and a challenge. In traditional projects the IT
system and BMS are separated from each other, so how these systems will interact and
work together for SBRC is unknown. There are some experienced people in the team
who have provided input based on their previous experience, but they are still not sure
whether the system will work or not.
On the other hand the IT manager mentioned that the IT system for the SMART
Infrastructure facility was not so much about sustainability because the SMART
Infrastructure Facility is a standard project and the IT equipment is generally a standard
set up, which was not a challenge.
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5.4.7 Lessons learnt from the SBRC project



Understanding the vision by different teams involved in the project

The Project Manager mentioned that it is necessary to know what to do and how to
deliver the vision as early as possible, and then make sure everybody involved in the
project has a clear understanding of what the project is going to be. Therefore, the ESD
consultant, structural engineer, mechanical engineer, IT team etc. should be engaged in
the project very early on. With this method any problems will stop before the architect
produces all the drawings and the project will not go over the budget because architect
does not need to spend more time editing the drawings. Love et. al. (2012) also
recommends involving contractor in the design to decrease the challenges of building
construction.
Academic 1 stated that using an alliance contract to select the designer, contractor
architecture, civil engineer etc. at the start of the work together could be an efficient
way because the problem with the agreement of UOW and a certain inexperienced
contractor in sustainable buildings would be negated. This method should result in
selecting a team efficiently because the contractor needs to take part in the design,
understand the vision, and have a direct involvement at earlier stages of the work.


Lack of experience

Another aspect which was mentioned by the IT manager, academic 1, project manager
and the cost planner was the difficulties that arose because the number of engineers and
contractors capable of constructing sustainable buildings was limited. It is still difficult
to reach the end and meet the timelines with a lack of experience. It needs clear
outcomes and goals from the ESD point of view to integrate the work and explain the
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process at the early stage because the way the outcomes and aims are reflected in the
design consulting arrangement is imperative, and it has not been done well in this
project.
In relation to the electrical design aspects, Academic 2 said that before completing the
final design, it would be useful to engage some experienced consultants in the area of
renewable generation and micro-grids to ensure that good practice is implemented, and
detailed design is completed appropriately to ensure that a suitable research tool (the
SBRC micro-grids) will emerge.


Life cycle analysis

In addition the Project Manager said that the design delivery for the SBRC project did
not take enough time to deal with life cycle cost and maintenance because the
maintenance group was different from the capital project group.


Material petal of LBC

As the contractor and builder mentioned previously, achieving the material petal of the
Living Building Challenge is one of the most difficult aspects of this project. There
should be more input into materials at the beginning of the project at the design stage
and more feedback from industry should have been sought. It is essential to discuss the
materials required and give more feedback to clients about cost of the materials for
achieving the LBC material petal. Part of the outcome from SBRC is educating the
designers and contractors in term of sustainability. Love et. al. (2012) also mentioned
the clients as the drivers for innovation in procurement of materials.
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5.4.8 Advice from the SBRC’s interviewees to improve other sustainable building
projects

The Project manager mentioned that SBRC is a fundamental research in general with
large amount of industry input and partnering fundraising, so developing industry
partners along the way is essential. The solution is to develop LBC’s rules which are
appropriate for Australia, and to follow the LBC guidelines and principals of the
philosophy of ESD and adapt through the approach of sustainability. In other words, use
the philosophy and guidelines of LBC as the overall philosophy for delivering project.
In addition, he believed that dealing with the material petal of LBC should have been
done at an early stage to guide the design team through the principals driving the design
perspective.
Because achieving a Green Star and LBC is a great challenge, he advised getting around
them as early as possible so that their principles can influence the design. He also
mentioned there is a lot of pressure for getting Green Star points and having a checklist
for these points may not be the best solution because it costs a lot of money for
documentation and will probably not be used for future projects.

The cost planner thought it is necessary to be aware of two ways of being assessed for
compliance of LBC and Green Star because they have similarities in terms of the
sustainability but their method of assessment is different. Therefore, the solution would
be to try to integrate Green Star and LBC because LBC only considers construction
while Green Star gets points for design and actual construction.
It is essential to be aware of the additional cost of achieving Six Star Green Star and
LBC ratings, when the aim is 6 Star Green Star and a 100% Net Zero Energy house
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because changing the project from 5 Star Green Star to 6 Star Green Star and from 90%
to 100% of Net Zero Energy potentially add a lot of cost to the project.
In addition LBC needs to be adapted to Australia. It is necessary to find someone
familiar with LBC before commencing construction to decrease the issues, and use a
builder who is familiar with LBC’s material petal, and after getting reasonable results
from architect and ESD consultants about the materials and equipment to be used in
building and price them.

The Builder Contractor discussed that it is necessary to consult in the first stage of the
design to make sure the cost reflects what the building is actually going to cost. This is
because with the SBRC project, the cost planner did not understand the building and
what he put together did not reflect the actual cost of the building.
He also believed that providing a material tracking register where the architect can show
how to achieve LBC material petal is an efficient way to proceed. A material tracking
register shows each product and nominates what restrictions have been placed on a
particular material and where the resources can be tracked.

The IT manager mentioned that it is very important to have experienced people in the
team who have done the same job previously because it is a new and untested industry.

Academic 1 advised that the projects should be adaptable; if an office is designed for
office loading it should just be used as an office forever. Increasing the office load
makes the office more flexible and adaptable. Although it increases the cost of the
structure by five per cent, the load will be increased by hundred per cent. With this
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method, offices can be put on the top storey and it would be possible to change some
office spaces and kitchens into laboratory if there is a need for more experiments. This
would make the building ready for any future changes.
In addition, he mentioned that Net Zero energy in a building’s life cycle is an important
factor because different tools like PV panels are becoming more efficient and cheaper
every year and they would decrease the amount of energy consumption. On the other
hand, achieving Net Zero Energy needs network buildings to balance the community,
although achieving energy efficiency is just possible for some groups of buildings such
as the passive design in Germany.
5.4.9 Findings from the SBRC

The key vision for the Sustainable Buildings Research Centre was to construct a “World
Leading” building by achieving the Six Star Green Star and then the Living Building
Challenge. The LBC was added to the project at an early stage of the design. This
project is under construction during this research and by now has been delayed by six
months. Sustainability did not cause the project to go over time.
There are lots of challenges and difficulties inherent in delivering the vision about being
the first experience for the team to construct a Six Star Green Star and LBC building.
The most difficult challenge in the project was the Materials Petal of LBC because it is
the American standard and is difficult to be delivered in Australia. The best solution is
to adapt LBC to Australia and at early stage of the design deal with material petal of
LBC. Net zero energy was also challenging. It needs lots of interaction between the
designer and other groups involved in the project. Other petals are easy to be achieved
because of the nature of the building.
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5.5 Effects on people’s behaviour on constructing sustainable buildings
Sixteen interviews were done for the SMART Infrastructure Facility and the Sustainable
Buildings Research Centre. Undoubtedly, all the interviewees believed that it is
essential to construct sustainable buildings, but the results showed that not many people
were involved in sustainable buildings before these projects; and after these projects,
they all believed the next projects should be constructed to the highest possible
sustainability level.
The only conflict that arose was about using environmental rating systems like Green
Star and Living Building Challenge to guide the projects. Both project managers
believed that Green Star rating system is too prescriptive and costly and needs lots of
documentation. They would not go for Green Star for future projects although it did add
some benefits to the design. The SBRC Project Manager would only use LBC for future
projects, but it should be adapted to Australia. On the other hand, the cost planner and
contractor believed that using LBC was not suitable for Australia and just added cost to
the project. Finally, the IT manager who was involved in both projects believed that
Green Star and LBC are too prescriptive and it would be more helpful to use
University’s ESD guidelines instead.
Generally, the most important part is to reduce the environmental impact by
constructing sustainable buildings and the results show that when people get
information related to these topics their beliefs change and they become interested. The
problem with regards to environmental rating systems will be solved by their progress
and modification.
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5.6 Conclusion and summary


Interviewee’s belief about Green Star and LBC

The results from the interviews show that all the interviewees believed that it is
important to construct sustainable buildings to reduce the environmental impact, but the
ideas for achieving that and going for environmental rating systems were all different.
Among all the interviewees only the project managers, director, cost planner, builder, IT
manager, academic 1, Academic 2 and Academic 3 were involved in achieving Green
Star and Living Building Challenge. As the results show, there were more challenges
involved in achieving 6 Star Green Star and LBC for the SBRC project than for the 4
Star Green Star for the SMART Infrastructure Facility; achieving 6 Star Green Star
means achieving all the criteria for Green Star. Three out of eight of the interviewees
were not entirely happy with the Green Star and had negative feelings about it because
they believed it is too prescriptive, tedious, and costly and needed lots of documentation.
On the other hand, LBC is the American standard, which is suitable for a populated
country like America, but achieving that in Australia is a great challenge. Most of the
challenges were related to difficulties with documentation and sourcing the materials.
Project managers in both projects understand real sustainability in building and believe
they do not need any framework to constructing sustainable buildings for future projects.


Project’s cost comparison

The SMART Infrastructure Facility cost less than the SBRC. The reason is achieving 6
Star Green Star and LBC certification instead of 4 Star Green Star adds cost to the
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project. In addition, SBRC has some specific aspects as a specific project while all the
projects do not need these aspects such as ground source heat pumps.
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Chapter 6
Discussion
6.1 Research Review
The chapter draws together the four data sets covered previously, which are the case
studies of the literature review, the Grand Designs, the SMART Infrastructure Facility,
and the SBRC.
The chapter concludes with a discussion of the results and the answers of the research
questions. Therefore, part 6.2 covers the literature review, part 6.3 covers the Grand
Designs, part 6.4 covers the SMART Infrastructure Facility, part 6.5 covers the SBRC,
part 6.6 covers the analysis of data, part 6.7 addresses the research questions, and part
6.8 covers the conclusions.

6.2 Literature review
The research topic is “Delivering the vision of sustainable buildings”. In this research
the author has tried to discover the drivers challenges and difficulties of constructing
sustainable buildings from 2003-2013. Two different rating systems are also analysed to
find out their strength and weakness, and the author has tried to find a solution based on
the idea of sustainable project’s delivery teams. The idea is to share the lessons learnt
from these case studies to promote sustainable building construction.
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6.2.1 Environmental impacts of buildings

In order to find the answer of the research questions, the first step is to review previous
research on the environmental impact of buildings such as global warming, resource
depletion, poor internal air quality, and ecological toxicity, all of which have a negative
impact on the environment and the occupants.
The solution to decreasing this environmental impact is to construct sustainable
buildings because they help use renewable energy sources such as solar and wind
instead of fossil fuels, replace harmful materials in the building, use recycled materials,
and use materials with minimum environmental impact during their life cycle. Another
important strategy is to reduce the amount of energy consumption in buildings by using
new technology, new equipment, and devices that use less energy, and to manage the
buildings to use less amount of energy for lighting, heating, and cooling, and to
maximise the use of natural ventilation and daylight.
6.2.2. Environmental rating systems

Many environmental rating systems are available around the world and they contain
guidelines for constructing sustainable buildings. Among them BREEAM is the
foremost environmental rating system, but there are other environmental rating systems
such as LEED, Green Star, and the Living Building Challenge. Green Star and Living
Building Challenge are discussed in detail because they are used for the SMART
Infrastructure Facility and the SBRC case studies. A search in the “Australian
Architecture Database” showed there are 44 case study researches on Green Star. Table
2-8 lists 48%, 49%, and 4% studies that are about the 6, 5, and 4 Star Green Star
Projects respectively. That literature mostly presents the positive aspects of constructing
sustainable buildings. The researchers are not interested in writing about average
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buildings, only those they are proud of. On the other hand there are no articles about the
LBC in this database or in all the other sources because there are only two projects are
in progress in Australia to be certified by the LBC.
The aim of this research is to find out the challenges and difficulties involved in
delivering the vision of sustainable buildings based on the vision of the delivery team,
but reviewing previous research mostly mentions the positive aspects of constructing
sustainable buildings. Only the research by Alnaser and Flanagan (2007) in the
Kingdom of Bahrain mentions the reason for discouraging architects, contractors, and
decision makers from constructing sustainable buildings. The main reason is the lack of
knowledge of the architects and contractor, although they are interested in being trained
about sustainability to design and deliver eco-friendly buildings. This research helps to
discover that the delivery teams are interested in constructing sustainable buildings even
though they do not have enough knowledge. This proves that delivery team is
concerned about the world and the need to saving it. However, this research did not
provide detailed data about the research questions and does not answer all the research
questions, such as what is the progress of constructing sustainable buildings, and what
are the innovative aspects of sustainable building? These factors are the reason for
working on other datasets, and why the UK Grand Designs program is analysed in this
research.

6.3 Grand Designs
Series Five of Grand Designs is analysed in this research because it covers projects
between 2003 and 2007. This case study provides enough quantitative and qualitative
data to help answer the research questions. The analysis of Grand Designs consists of a
detailed discussion of three case studies, and a general evaluation of 18 case studies.
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In Grand Designs, many of the clients constructing the buildings had a sustainable
vision at the first stage. There were many difficulties and challenges pertinent to
sustaining their vision, for example case study one was over budget and was delayed
because one of the selected materials by the architect was unfamiliar for the builders to
be used. It also caused the other difficulties such as poor communication between the
clients, the architects, and the managers. In this series there were 4 case studies which
demonstrated poor knowledge by the architect and the contractor pertinent to using
innovative materials.
Case study two showed that procuring management was a challenge and project were
delayed because of procuring materials from different countries, and poor knowledge by
the owner (project manager) about delivery. Poor industry knowledge was another
reason for not getting the right materials in the right place, which made the owner to
produce materials from all over the world. This demonstrates that to be sustainable, it is
necessary to be innovative. On the other hand, case study three is an innovative but
successful project with no serious challenge because professional groups were used, and
efficient research was conducted about how to deliver the vision.
The result from table 4-11 shows the main challenges in the 18 case studies. The most
common challenges in the projects are being over budget and having delays. The results
show that it is necessary to consider 35%-40% contingency costs to make sure the
project would be finished successfully and the cost is affordable. A comparison of the
cost of normal and sustainable projects show that the percentages of over budgeting are
almost the same, and most of this over budgeting is because of the complexity, not the
sustainability.
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Therefore analysing the Grand Designs television show helps to discover the major
challenges for delivering the aim of the projects. In addition the owners, architects, and
builders are not always interested in constructing sustainable buildings after experience
it, mostly because of their lack of experience, and the unexpected challenges related to
them.
Grand Designs is a television program, which is edited to encourage audiences to watch.
The time of the program is limited and cannot cover every aspect of the project, which
is the reason why the accessible projects at the University of Wollongong Campus, the
SMART Infrastructure Facility and the SBRC, are chosen for analysis.

6.4 The SMART Infrastructure Facility
The SMART Infrastructure Facility is designed to be an energy efficient building, not
specifically for a Green Star certification target. The project is supposed to be a 4 Star
Green Star project because during this research the documentation for Green Star has
not been finished. This project has been occupied by February 2011, and it was finished
on budget and almost on time.
The sustainability aspects of the project include efficient chillers mixed mode
ventilation and louvres, the quality of indoor air, lighting systems and building
management control system, the use of rainwater harvesting and recycled materials in
the concrete, the environmentally green rated furniture, and transport and access.
The interviews showed there are numbers of challenges for the project. The main
challenges are time and cost limitations because the project had to be finished on time
and the budget was tight. Sustainability is another challenge because of the additional
cost for equipment while the budget was tight. Moreover, when the building was
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occupied, some sustainability aspects of the project such as louvres were strange and
unfamiliar for the users. The other challenge in the project is site access, which is
special for each project. Finally, the function of building as a multi-user building is
another challenge because it is essential to satisfy the needs of different groups of users.
All the interviewees are in favour of sustainable buildings, but not totally rating systems.
The project manager believed that Green Star’s documentation adds to the cost and
achieving the point for Green Star rating is tedious. Interviewees also believe it is
necessary to find expert people who are familiar with Green Star, and engage a delivery
team to the project as soon as possible to make sure that all the people involved in the
project have the same understanding of the vision.
The SMART Infrastructure Facility is occupied so accessing the delivery team is
impossible. The SBRC project is expected to finish in mid 2013 and during this research
the design and delivery teams are around and the author could contact them and obtain
more data.

6.5 The Sustainable Buildings Research Centre
The SBRC is the first project in Australia attempt to achieve a Six Star Green Star and a
Living Building Challenge certificate. This project has been designed especially for
Green Star, and then the Living Building Challenge has also been added to the vision of
the project at the early stage of the design. This project is not finished and up to this
stage it has been delayed for six months.
The sustainability aspects of the project are Net Zero water and power usage, Net Zero
emissions for the buildings over the life of the building, the use of natural ventilation as
far as possible, and the use of specified materials excluding Red List materials.
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The SBRC project is a more difficult project to be delivered compared to the SMART
Infrastructure Facility because of the need to achieve the highest sustainability features
for two different rating systems, even these systems conflict over aspects such as
thermal comfort, which only increases the complexity.
The main challenge for the project was to achieve the Material Petal of the LBC and
avoid using the Red List materials. This means managing the sources of materials
because Australia is a big country with a small population, and providing materials
locally is sometimes impossible.
As mentioned previously, there are more challenges in the project such as the cost and
time limitations, sub-projects of SBRC, procurement management, and balancing LBC
and Green Star, while the team does not have an obvious aim and are not experienced at
constructing 6 Star Green Star and LBC certified building.
The interview’s structure for SBRC is similar to those from the SMART Infrastructure
Facility about the need to construct a sustainable building. All the interviewees believe
it is essential to construct a sustainable building while many of them are not in favour of
LBC and Green Star. The project managers of both projects state that Green Star is
tedious and add costs to the project while its benefits are not confirmed. On the other
hand the estimator and the contractor believe that LBC is suitable for a populous
country like America, but unsuitable for Australia because delivering it is difficult and
adds unnecessary costs.
The interviewee’s advice is to engage different groups of delivery team in the project in
the early stage to make sure everyone has an understanding about the sustainable
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aspects of the project adapt LBC to Australia and try to use the Green Star’s aspects
because they benefitted the project.

6.6 Analyse of data
The literature review, the Grand Designs, the SMART Infrastructure Facility, and the
SBRC help to have a look at the progress of constructing sustainable buildings from
2003 to 2013 for residential and commercial buildings.
The only challenge covers in the literature review is the lack of knowledge of the
architects and contractors. The main challenges for delivering sustainable buildings are
addressed in the Grand Designs, the SMART Infrastructure Facility and the SBRC in
Table 6-1. The numbers, which are mentioned in this table, are the number of projects
out of 18 in Grand Designs that had the same challenges. √ means that the projects had
the same challenge and × means they do not have the same challenge. Only a few of
these challenges are similar to the challenges for the SMART Infrastructure Facility and
the SBRC project.
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Table 6- 1: Challenges for the Grand Designs, SMART infrastructure Facility and the
SBRC

Challenges
Budget limitation
Time limitation
Weather issue
Not using professionals
Design change
Site issue
Design issue
Unexperienced team
Challenges for retrofitting ancient buildings
Issue with architect
Building approval issue
Unexpected cost for retrofitting existing buildings
Poor managing
Not providing detailed design for the workers
Unexpected cost for changing/adding materials
Neighbours issue
Innovative materials
Delay in material's delivery
Not professionally work
Work was done without design
Difficulties for finding contractor
Using many contractors
Wrong cost calculation by the architect

Grand
Designs
(Number)
12
9
7
6
6
5
5
4
4
3
3
3
2
2
2
2
2
2
1
1
1
1
1

SMART SBRC

√
√
×
×
×
√
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×

√
×
×
×
×
×
×
√
×
×
×
×
×
×
×
×
√
×
×
×
×
×
×

Budget and time limitations are the main challenges in the projects, both of which are
difficult to achieve. There is some overlap between the Grand Designs and the
University’s building type, which used professional design and construction teams.
The quantitative data from Grand Designs show that approximately 40% extra costs
should be considered for residential projects to make sure the project can be finished
successfully. The commercial projects are mostly on or lightly over budget because they
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use a professional cost planner. This shows that using professionals can help keep the
project on time and within the budget.
The cost per square metre of the SBRC project is significantly more than the SMART
building because of going from a 4 Star Green Star building to a Six Star Green Star and
Living Building Challenge certified building. However, a number of very innovative
research-focused features are included in the SBRC building which greatly increased
the cost of the base building. These will not be replicated in a standard educational
building. These features included:
-

Novel hydraulic heating/cooling of office floor slab (in addition to displacement air
ventilation).

-

Roof top: strong roof and solar test area

-

Green roof research facility

-

Photovoltaic thermal demonstration facility

-

Transpired solar collection test facility

-

Comprehensive ground source heat pump research field

A large part of this additional cost is due to the equipment needed in the building for
research as well as for sustainable goals such as the ground source heat pumps, which
are used in SBRC but not in the SMART Infrastructure Facility. It is essential to
consider that part of the aim of SBRC was research, and it will be a world leader while
all the buildings are not needed to be a show case.
In addition a comparison of the challenges of the SMART Infrastructure Facility and the
SBRC from Chapter 5, which is shown in Table 6-2, shows that the SBRC project was
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more complex, and has more challenges in order to achieve a 6 Star Green Star and the
LBC certification.
Table 6- 2: Comparison of the challenges for the SMART Infrastructure Facility and the
SBRC
Challenges
Additional cost for Green
Star and/or LBC
Time
Budget
Multiple users
Site access
Dealing with novelty
Procurement
Balancing Green Star & LBC
Adapting LBC
Materials selection
Net Zero Energy

SMART Infrastructure
Facility
√

SBRC

√
√
√
√
×
×
×
×
×
×

×
√
×
×
√
√
√
√
√
√

√

Table 6-2 shows that budget is a challenge for all the projects because of the need to
achieve the points. Also documentation for Green Star and material sourcing for the
LBC are challenges.
The challenges for the SMART Infrastructure Facility and SBRC are mostly different.
The challenges for the SMART Infrastructure Facility are: function of the building as a
multi-user building, site access, and obtaining documentation for Green Star. The
challenges for SBRC are mostly related to the concept of sustainability, and achieving
Green Star and LBC. This project has certain levels of innovation and the design and
delivery team are not experienced in the LBC and the 6 Star Green Star building;
therefore, it is difficult to deliver on the vision. This is similar to the Grand Designs.
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Also achieving the material petal of the LBC for selecting and sourcing the materials is
the biggest challenge in this project.
Therefore the solutions are: - have an obvious vision about the rating systems from the
first stage - try to engage delivery teams to the project as early as possible to make sure
everyone in the team understands of the vision - manage how to achieve Green Star and
LBC - adapt LBC to Australia - try to achieve real sustainability and not just rely on the
points needed to achieve Green Star credits.

6.7 Addressing the research questions
This thesis answers the research questions by looking at sustainable buildings from an
alternative view compared to other research in the literature, which only addresses the
positive aspects of constructing sustainable buildings. In this research the author has
tried to find out the challenges and difficulties of delivering sustainable building, and
their solutions.
One question in this research is, “Are sustainable building projects necessarily
innovative?” All the case studies in this research show innovation in relation to
sustainability, partly because they are aiming for a television program or 5 and 6 Star
Green Star or LBC certified projects, which are leading nationally or internationally,
and must be innovative. The SMART Infrastructure is not entirely innovative, although
there are some innovations such as louvres in the building, but the SBRC building is
significantly innovative in many aspects.
On the other hand, there are lots of environmental rating systems all over the world,
which provide roadmap for constructing sustainable buildings; therefore, most of the
projects do not need much research and innovation because they are not going to be
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world leader. A 4 Star Green Star building can be achieved by good practice, as was
demonstrated by the SMART Infrastructure Facility, which achieved a 4 Star Green Star
rating by adhering to common best practice.
One important aspect of innovation in the project is having a design and delivery team
with enough experience to construct sustainable buildings. The result of the Durack 2
building, which is a Six Star Green Star building in the literature review, shows that the
building was a new experience for the contractor and sub-contractor pertinent to
innovative sustainable building. In Grand Designs, each of the documentaries showed
that it is the very first time to make a new building, whereas the University has had the
building for 50-60 years and they are experienced in that, but they have never gone for a
6 Star Green Star building before. The SMART Infrastructure Facility was built by
people who had already built similar buildings, so they did not have many problems
with constructing this building. For SBRC, the design and delivery team have already
been involved in building construction but not in the same building as SBRC. The
results show that learning to construct sustainable building brings certain aspects of
innovation because of doing the job for the first time. For a sustainability approach it
might be useful to look at projects by people who have already constructed sustainable
buildings. Subsequently it would be useful to look at the next building by these groups
because they are experienced now. Another building after SBRC is the TAFE building
at Yallah, NSW, which is a Five Star Green Star building and has the same project
manager as SBRC but different architect and contractors. Academic 1 mentioned that
the lessons learnt from SBRC shows that achieving a Six Star Green Star building is
difficult, and includes undesirable features, while a Five Star Green Star building is hard
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but achievable; and since the team know how to construct a Six Star Green Star building,
constructing a Five Star Green Star building will not be difficult.
Another research question in the research is the opinions of various people involved in
creating sustainable buildings to solve the challenges and difficulties. The consequences
of Alnaser and Flanagan (2007) in the literature review shows that although the
architects, contractors and policy makers are not experienced in sustainable buildings,
they keen and interested to learn. The result from the Grand Designs shows that the
final results for all the projects are almost acceptable but the challenges for achieving
sustainability make some owners and occupants discouraged. On the other hand, the
results from the SMART Infrastructure Facility and the SBRC projects show that all the
interviewees believed it was essential to construct sustainable buildings to decrease the
environmental impact, but there are some conflicts about achieving the Green Star and
Living Building Challenge certifications. Some of the interviewees are not directly
involved in the sustainability aspects of the project. Tables 6-3 and 6-4 show the
interviewees of the SMART Infrastructure Facility and the SBRC project, and whether
they have been directly involved in sustainability or not. √ shows that interviewees have
been involved in sustainability aspects of the projects directly, while × shows they were
have not been involved.
Table 6- 3: Involvement in Green Star of the SMART Interviewees
Interviewee’s role (SMART project)
Project manager
Senior manager
Laboratory manager
Chief operating officer
Engineering operation manager
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Table 6- 4: Involvement in Green Star of the SBRC Interviewees
Interviewee’s role (SBRC project)
Director
Project manager
Academic 1
Academic 2
Academic 3
Builder contractor
Cost planner
Structural engineer
ESD consultant
IT manager

Involvement in Green Star and LBC
√
√
√
√
√
√
√
√
√
√

The result from table 6-2 shows there are more challenges for achieving 6 Star Green
Star and LBC for the SBRC project rather than the 4 Star Green Star for the SMART
Infrastructure Facility because achieving 6 Star Green Star means achieving all the
criteria for Green Star. 3/8 people are not entirely happy with Green Star and have
negative feelings about it because they believed it is too prescriptive, costly, and needs
lots of documentation. Project managers from both projects believe that Green Star
makes the projects difficult, achieving the points tedious, and preparing documentation
for the Green Star is costly, difficult and time consuming. The Project Manager of
SBRC mentioned that achieving 6 Star Green Star is not as important as doing “the right
thing”.
On the other hand LBC is a standard that comes from America that suits that country,
but achieving this standard in Australia is difficult. Most of the difficulties are related to
documentation and sourcing materials. The SBRC’s cost planner and the contractor
have different ideas and believed that Green Star is adapted to Australia, and people are

158

Chapter 6

Discussion

more familiar with Green Star compared to LBC, and adapting LBC to a low populated
and large country like Australia is very difficult.
It is therefore obvious that constructing sustainable buildings is still a challenge after ten
years, the environmental rating systems needs improvement, and so too does people’s
knowledge of these rating systems so they can adopt them in the best possible way.
Project managers in both projects understand real sustainability in building, and believe
they do not need a framework to construct sustainable buildings.
Therefore the results from this question cover the answer for another question that
whether the architects and contractors have sufficient knowledge about sustainable
building projects. The results show there are not enough educated architects and
contractors, although they acquire knowledge through experience which helps with
following projects, and they also share their experiences with others to improve
constructing sustainable buildings.
The next research question is what the barriers and drivers for sustainable buildings are.
This research shows that most of the drivers for constructing sustainable buildings are
the knowledge that people have about harmful environmental impact of buildings, and
the essential need to decrease this impact by constructing sustainable buildings in order
to save the world for current and future generations. On the other hand the barriers are
the difficulties of constructing sustainable buildings due to lack of information, and the
weakness of the rating systems; in addition rating systems can be tedious and difficult to
achieve. As mentioned previously, material is the most difficult petal for LBC to
achieve, and so to obtaining the points for each category of the Green Star.
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6.8 Conclusions
The results show that the clients generally have a strong vision about sustainability.
This might be expected because literature is all about Green Star and all the researchers
had positive ideas about it. In the Grand Designs everybody has a clear vision about
their house, which sometimes compromised sustainability, and the budget is always a
problem. The SMART Infrastructure Facility and SBRC’s clients have the strong vision
about the essential need to construct sustainable buildings while SBRC is a very
expensive per square metre building because it has lots of sustainability features.
It seems that in order to be sustainable, it is essential to be innovative because
sustainability is not fully embedded in the supply chain, and we do not have enough
architects and contractors who are trained in this aspect. Buildings like SBRC are
bringing new contractors with skills in sustainability to promote sustainability in society.
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Conclusions and recommendations

This chapter consists of two parts. The first part includes the conclusions and shows
how we achieved the aims and objectives and the second part shows the
recommendations for future research.

7.1 Conclusions
This section shows how we achieved the aims and objectives in this research.
7.1.1 Challenges of delivering sustainable buildings

The aim of this study was to find out the challenges and difficulties involved in
delivering the vision of sustainable buildings using the experience of the design and
delivery team. The results from the literature review, Grand Designs, SMART
Infrastructure Facility, and Sustainable Buildings Research Centre show that the main
challenges were the budget and time limitations for commercial and residential
buildings, not especially for sustainable buildings, but for most of the projects. Another
serious problem for residential buildings was not using professionals in the projects.
This was a problem for one third of the Grand Designs projects, but was not a problem
for commercial buildings.
There were many more challenges for residential buildings such as design changes, site
problems (it was a problem for the SMART Infrastructure Facility as well), design
problems, inexperienced teams (this was the same issue for SBRC as well), difficulties
of retrofitting existing projects, and difficulties with the architects as well as other
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challenges, all of which are discussed in detail in Table 4-10. Using innovative material
was another difficulty for residential buildings in Grand Designs, and was the most
difficult challenge for the SBRC project, a fact mentioned by all the interviewees.
The results showed there were more challenges for the SBRC than for the SMART
Infrastructure Facility because of the complexity of achieving a 6 Star Green Star and a
Living Building Challenge compared to a 4 Star Green Star building. Most of the
challenges for the SBRC project were the material petals in order to deal with novelty,
procurement, material selection, balancing Green Star and LBC, adapting LBC to
Australia, and achieving net zero energy. Table 6-2 shows all these challenges in more
detail.
7.1.2 Analysis of the environmental rating systems

One of the objectives of this research was to analyse the green rating systems, Green
Star and Living Building Challenge, and to discover how the ideas of people involved in
the projects with these rating systems related to these rating systems. Detailed
information about these rating systems was given in Chapter 2 and the ideas of the
design and delivery team about these rating systems were discussed in Chapter 5. The
aim of achieving a 6 Star Green Star building for the SBRC forced the design and
delivery team to learn about sustainability and the value of the Green Star rating system
changed these people. They would not construct a 6 Star Green Star building unless
they were instructed to build this type of building. After having this experience, they
now know how to do it and would not worry about a 6 Star Green Star building
anymore because they are concerned about real sustainable buildings.
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One finding was that the rating system helps people who do not know how to construct
sustainable buildings. The rating system gives rules to follow and achieves a reasonably
sustainable building, but some rules do not apply to every possible building. For
example whereas the rating system only regards natural ventilation, in some cases there
are too many hot days in a year for this to be practical.
7.1.3 Solutions to the challenges and difficulties of delivering sustainable buildings

Finally, part of the aim was to find solutions for the challenges and difficulties. First, it
is essential to ensure that the design reflects the aim and considers sustainability in the
first stage of design. Then groups of builders, estimators etc., must be engaged as early
as possible to make sure everybody in the team understand the vision. It is important to
try to use an experienced team.
One of the main challenges in the projects was budget. The results showed it would be
more efficient to use fixed price contracts to decrease the risk of being over budget
because the cost per square metre of a leading edge building is much greater. The reason
why the SBRC had to be so innovative was to become a sustainability centre that would
promote the most advanced methods and make them viable. Also, an extra 40% should
be added to the cost of sustainable residential projects to make sure the budget covers
the real costs. This extra cost for a residential building is not because of sustainability
but because of the project’s complexity and because innovative projects are always
challenging.
Achieving sustainability based on the environmental rating systems was another
challenge, so the solution is to adapt the environmental rating systems to each country
based on its size, resources, etc., and balance these rating systems against each other to
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determine whether a building is to be certified by more than one rating system. Also it is
necessary to be aware that rating systems such as the Green Star and the LBC are
tedious and costly. Obtaining the materials is the most difficult aspect of the project, so
more input is required in the design stage and feedback from industry is also needed.
The main result of this study is that people who do not know how to construct
sustainable building should use environmental rating systems and then learn how to do
it. Rating systems are a good framework to encourage people to construct sustainable
buildings.

7.2 Recommendations
The result show that all the interviewees believed it was necessary to construct a
sustainable building, and a rating system is a tool to learn how to do it, although they
were able to criticise the rating systems at the end and improve them for the next project.
It would be interesting to follow these groups in the next projects to see how their
methodology for designing and producing sustainable building will change and to
discover what the result will be and then compare the cost, function, occupant’s ideas,
etc., of this building with previous buildings.
All the case studies in this research were innovations, . The next time, this innovation
will be main-stream and people will know how to do it. The point is that people who do
not know how to construct sustainable buildings use rating systems to learn how to do
it. . It will be interesting to see whether the knowledge gained is used for the next
project and whether this next project will be better and have fewer mistakes.
The other recommendation for future work would be to follow these sustainable
buildings through their operating phase to see whether or not they can achieve their
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aims in the occupation phase. For example, the SBRC is targeted to be a net zero energy
and net zero water building, so it is essential to work out if in reality it is, and then
follow these projects for two more years, just as we did for the SMART Infrastructure
Facility.
It would be also be helpful to do a wider industry-based survey to see how many
contractors, architects, and project managers are skilled at Green Star construction, and
how many are knowledgeable about LBC. This result would help us to find out what
progress has been made, and whether it is necessary to use a professional team to
construct sustainable buildings.
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Appendices A
A.1. For the consultants (Architects)
(1) What’s the average annual wind speed in Bahrain?
(A) 2m/s (10%) (B) 3m/s (10%)
(C) 5m/s (30%) (D) Do not know (50%)
(2) What’s, nearly, the average annual solar radiation in Bahrain?
(A) 200W/m2 (10%) (B) 300W/m2 (0%)
(C) 500W/m2 (30%) (D) Do not know (60%)
(3) What’s the efficiency of the PV panels, nowadays, when installed in the site?
(A) 6% (0%) (B) 15% (30%) (C) 25% (0%) (D) Do not know (70%)
(4) What would be, roughly, the cost of each kWh from PV if installed in Bahrain?
(A) 400 fils (30%) (B) 800 fils (10%) (C) 1000 fils (0%) (D) Do not know (60%)
(5) Do you find that using solar and wind technologies in big projects are an obstacle to
the quality of design?
(A) Yes (0%) (B) No (60%) (C) To a certain extent (40%)
(6) What’s the best direction of solar panel when to be installed to houses to produce
electricity or heat?
(A) North (0%) (B) South (70%) (C) East (10%) (D) West (20%)
(7) To generate electricity from the sun one can only do this by using:
(A) PV technology (10%)
(B) Solar thermal only such as solar concentrator power (CSP) (10%)
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(C) Both A and B (80%)
(8) What’s the percentage of the direct solar radiation to the total solar radiation in
Bahrain?
(A) 30% (0%) (B) 50% (0%)
(C) 70% (60%) (D) Do not know (40%)
(9) Whom do you blame for the absence of utilizing the solar and wind energy in
Bahrain?
(A) The architect only (0%) (B) The policy and decision makers only (20%)
(C) The contractor only (0%) (D) All of them (80%)
(10) Electricity can be produced either by solar or wind power. Which one is more
attractive to you?
(A) Solar (80%) (B) Wind (20%)
(11) Are you, personally, interested in executing a project for the government or private
sector in the kingdom of Bahrain?
Which is, heavily, incorporating the use of solar and wind energy?
(A) Yes (80%) (B) No (0%) (C) To a certain extent (20%)
(12) Please write 4 important reasons justifying why large constructions in Bahrain do
not utilize the solar and wind energy?
(A)...................................................................................
(B)...................................................................................
(C)...................................................................................
(D)...................................................................................
Thank you
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A.2. For the policy and decision makers
(1) What’s the average annual wind speed in Bahrain?
(A) 2m/s (B) 3m/s (C) 5m/s (67%) (D) Do not know (33%)
(2) What’s, nearly, the average annual solar radiation in Bahrain?
(A) 200W/m2 (B) 300W/m2 (C) 500W/m2 (50%) (D) Do not know (50%)
(3) What would be, roughly, the cost of each kWh from PV if installed in Bahrain?
(A) 400 fils (50%) (B) 800 fils (33%) (C) 1000 fils (D) Do not know (17%)
(4) What’s the cost of each electrical Watt from the PV?
(A) 2 USD (33%) (B) 10 USD (50%) (C) 30 USD (D) Do not know (17%)
(5) Solar energy can be used for cooling, this, in term; will reduce the CO2 emission
very substantially in Bahrain. The reason is that each normal air-conditioner unit (AC),
when operated for an hour, is equivalent to emitting:
(A) 50 grams of CO2
(B) 1.5kg of CO2 (67%)
(C) 4kg of CO2
(D) Do not know (33%)
(6) To generate electricity from the sun one can only do this by using:
(A) PV technology (17%)
(B) Solar thermal only such as solar concentrator power (CSP) (33%)
(C) Both A and B (50%)
(D) Do not know
(7) Do you feel that its important now, especially after the shortage of conventional
resources (oil and gas) as well as the implementation of Kyoto protocol, is to integrate
solar and wind electricity in large buildings?
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(A) Yes (100%) (B) No (C) To a certain extent
(8) The power generated from the PV systems can be converted easily from DC to AC
(A) Yes (100%) (B) No
(9) The electricity from solar or wind energy can be connected to the national grid. This
can be very easily done in Bahrain:
(A) Yes (100%) (B) No
(10) Solar and wind energy is more suitable for rural areas than urban areas:
(A) Yes (100%) (B) No
(11) If each large complex and sky scraper in Bahrain uses its roof and window to
install a PV panels to generate electricity, then we can save, roughly, electricity from
the grid by:
(A) 5–15% (33%)
(B) 15–30% (33%)
(C) 30–50% (33%) (D) Do not know
(12) Please write 4 important reasons justifying why large governmental constructions
in Bahrain do not utilize the solar and wind energy?
(A)...................................................................................
(B)...................................................................................
(C)...................................................................................
(D)...................................................................................
Thank you
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A.3. For the contractors
(1) Are you, personally, interested in executing a project for the government or private
sector in the kingdom of Bahrain which is, heavily, incorporating the use of solar and
wind energy?
(A) Yes (71%) (B) No (7%) (C) To a certain extent (22%)
(2) If there is a tender for a construction in Bahrain that’s uses solar and wind energy for
electricity production, will you submit your bidding?
(A) Yes (86%) (B) No (14%)
(3) Would you find it difficult to conduct a project for installing solar and wind energy
to produce electricity in Sky Scrapers or large size complexes?
(A) Yes (42%) (B) No (42%) (C) To a certain extent (16%)
(4) Would it be easy for you to subcontract with a company that can do the part related
to solar electricity a construction or a building in Bahrain?
(A) Yes (57%) (B) No (14%) (C) To a certain extent (29%)
(5) What method of procurement is recommended for implementing solar and wind
technology in construction in Bahrain?
(A) Design & Build (79%) (B) Construction management (21%)
(6) Whom do you blame for the absence of utilizing the solar and wind energy in
Bahrain?
(A) The architect only (14%) (B) The policy and decision makers only (71%)
(C) The contractor only (D) All of them (14%)
(7) Do you think that you can make more profit if you get involved in solar and wind
energy utilization projects in Bahrain for electricity production?

178

Appendices

(A) Yes (14%) (B) No (43%) (C) To a certain extent (43%)
(8) It was announced recently that the
European University is constructing a Green City, where the electricity may be
produced by using Solar Power. Would it be a wish for you to win the bid of
constructing this environmentally friendly project?
(A) Yes (93%) (B) No (7%)
(9) Are you interested in training your engineers and technicians in how to use solar
and energy for electricity production— if the training cost is reasonable?
(A) Yes (86%) (B) No (14%)
(10) If there is a free offer, or subsidized cost, for the education for yourself and your
staff to attend workshops in installing solar energy systems in buildings, then would you
attend it?
(A) Yes (76%) (B) No (C) Depends on the trainee (21%)
(11) Electricity can be produced either by solar or wind power. Which one is more
attractive to you?
(A) Solar (79%) (B) Wind (21%)
(12) Do you find the existence of a construction manager is very important in these
types of projects since design issues are complicated?
(A) Yes (72%) (B) No (14%) (C) To a certain extent (14%)
Thank you
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Appendices B: Ethics Approval
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Appendices C: Participants Information Sheet

School of Civil, Mining and Environmental Engineering
Name: Haleh Rasekh
Research topic: Delivering the vision of Sustainable buildings
Supervisor: Professor Tim McCarthy
You are being invited to take part in a master’s research project. Before you decide it is
important for you to understand why the research being done and what it will involve.
Please take time to read the following information carefully and discuss it with other if
you wish. Ask us if there is anything that is not clear or if you would like more
information. Take time to decide whether or not you wish to take part. Thank you for
reading this.
What is the purpose of the project?
The purpose of this project is to find out the vision of delivering Sustainable Building
Research Centre. It consists of the challenges, aims, difficulties of running this unique
project to provide the guidelines for other researches and future projects. In addition,
this project considers the difference between design and reality of the project.
Why have I been chosen?

183

Appendices

I am talking to a number of designers, constructors and managers involved with SBRC
about their experiences in taking part in this project to gather information for this
project.
What will I have to do if I take part?
If you agree to take part, we will ask you to answer some questions. There aren’t any
right or wrong answers – I just want to hear about your opinions. The discussion should
take about 30-45 minutes at the longest.
Do I have to take part?
No, taking part is voluntary. If you don’t want to take part, you do not have to give a
reason and no pressure will be out on you to try and change your mind. You can pull
out of the discussion at any time.
If I agree to take part what happens to what I say?
All the information you give us will be confidential and used for the purposes of this
study only. In addition, if you prefer, any information about you which is disseminated
will have your name and address removed so that you cannot be recognised from it.
What do I do now?
Think about the information on this sheet, and ask me if you are not sure about
anything. If you agree to take part, sign the consent form. The consent form will not be
used to identify you. It will be filed separately from all other information. If, after the
discussion, you want any more information about the study contact me.
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If you feel upset after the discussion and need help dealing with your feelings, it is
very important that you talk to someone right away.

The contact details for the person to talk to are:
Name: Haleh Rasekh
Email: hr599@uowmail.edu.au

THANK YOU VERY MUCH FOR YOUR HELP!

Consent form

Name:

Participant
Address:

Phone:

email:

Signature
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Appendices D: Interviews Questions
Interview questions of SMART Project manager

General

Vision

Green Star

Managemen
t

-

What was your role in the SMART project?

-

How did you start to take part in this project?

-

When did you start to take part in this project?

-

What is your understanding of the vision of SMART building?

-

How did you deliver the vision in to the reality?

-

What was the most important factor for managing this project?

-

What were the constraints and limitations in this project?

-

If you wanted to start another project, would you go for Green Star?

-

What were the difficulties involved in achieving the Green Star?

-

What was your strategy for quality management?

-

Was project on time and budget?

-

What was the contract type in the project? Was that a suitable
contract form?

Conclusion

If you wanted to start this project again, what would you do
differently?

-

What advice would you give to other people wishing to build Green
Star certified building?

The interview questions for senior manager, Chief Operating Officer, Engineering
Operation’s Manager and the Laboratory manager for the SMART Infrastructure
Facility are the same because they are all the building users. These questions are:
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General

Vision

Green

-

What was your role in the SMART project?

-

When did you start to be part of this project?

-

How did you start to be part of this project?

-

What is your vision of the SMART Infrastructure Facility building?

-

What was your strategy to achieve the main aims of this project?

-

What were the main challenges?

-

How much did you achieve the main view?

-

Do you think this is successful project?

-

If you wanted to start another project, would you go for Green Star

Star

again?
-

Advice

What would you do differently if you wanted to start this project
again?

-

Do you have any advice for other people who are interested in
constructing this kind of buildings?

Interview questions with the SBRC Director
-

What is your role in the SBRC project?

-

When did you start to be part of this project?

-

How did you start to be part of this project?

-

What is your understanding of the vision of the SBRC building?

-

What are the main challenges?

Green

-

What are the mechanical aspects of the project?

Star/

-

How do you want to achieve Net Zero Energy?

LBC

-

What is the strategy in design to achieve the Net Zero Energy

General

Vision

building?

Advice

-

What is the project status?

-

What would you do differently if you wanted to start this project
again?

-

Do you have any advice for other people who are interested in
constructing this kind of buildings?
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Interview questions of SBRC Project manager

General

Vision

-

Quality
management

-

Time
management
Cost
management
Green
Star/LBC

-

Conclusion
-

What is your role in the SBRC project?
How did you start to take part in this project?
When did you start to take part in this project?
What is your understanding of the vision of SBRC?
How can deliver the vision in to reality?
What is the most important factor for managing this project? Is it
quality?
What are the constraints and limitations in this project?
How did you manage the vision to become a reality?
What is your strategy for quality management?
How do you manage the quality of this project?
What are the main important factors for the quality of different
parts of the project like: materials, equipment, instruments,
machines and other facilities?
Has project failed in quality management until now? If yes, what
are the results?
What is the result if project fails in each phase of design,
construction, occupation, etc.?
Is project on time?
What are the penalties if project has delay?
What is your strategy for time management?
What other decisions would you make if you want to start the
same project?
Is project on budget?
What are the penalties if project fails in cost?
What is your strategy for cost management?
What other decisions would you make if you want to start the
same project?
What shortcuts are necessary to achieve the cost...?
If you wanted to start another project, would you go for Green
Star?
What were the difficulties involved in achieving the Green Star?
If you were to start this project again, what would you do
differently?
What advice would you give to other people wishing to build
LBC, Net Zero Energy and Green Star certified buildings?
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Interview questions of Academic 1

General

Vision

-

What is your role in the SBRC project?

-

When did you start to take part in this project?

-

How did you start to take part in this project?

-

What is your understanding of the vision of SBRC project?

-

How can deliver the vision in to the reality?

-

What are the challenges in this project?

-

As a structural engineer, what are the limitations and constraints of
constructing this building?

-

Is there any difference between construction of this building and normal
building?

-

How do you think it would be possible to interpret sustainability for
SBRC?

Material

Site

-

Is there any recycled material used in this project?

-

What are the problems for using recycled materials?

-

How did you choose materials to build a sustainable building?

-

Is the site suitable place for constructing this building?

-

As a civil engineer, do you think what the problems of constructing this
building in this site are?

Water

achieve net zero water?
-

What are the difficulties?

-

Can you please give me some information about how do you want to

Energy

Cost

Conclusio
n

Can you please give me some information about how do you want to

achieve net zero Energy?
-

What are the difficulties?

-

Can you talk about the total cost of the project?

-

Is project on cost?

-

What are the penalties if project has delay?

-

If you were to start this project again, what would you do differently?

-

What advice would you give to other people wishing to build LBC, Net
Zero Energy and Green Star certified building?
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Interview questions with Academic 2

General

Vision

-

What is your role in this project?

-

When did you start to take part in this project?

-

How did you start to take part in this project?

-

What is your understanding of the vision of SBRC project?

-

How can deliver the vision in to reality?

-

What are the challenges in this project?

-

As a structural engineer, what are the limitations and constraints
of constructing this building?

-

Is there any difference between constructions this building and
normal building?

-

How do you think it would be possible to interpret sustainability
for SBRC?

-

Do you think you can achieve net zero energy in this project?

-

Do you think using solar panels and wind turbines for this project

Energy

are good decision?
-

Was there any other strategy for achieving net zero energy?

-

Why did you choose this strategy? Do you think it would be
successful in occupation phase?

-

Related to the project fund, how did you managed to achieve net
zero energy and cost limitations?

Conclusion

If you were to start this project again, would do anything
differently?

-

What advice would you give to other people wishing to build
LBC, Net Zero Energy and Green Star certified projects?
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Interview questions of Academic 3

General

Vision

-

What is your role in the SBRC project?

-

When did you start to take part in this project?

-

How did you start to take part in this project?

-

What is your understanding of the vision of SBRC project?

-

How can deliver the vision in to reality?

-

What are the challenges in this project?

-

As an electrical engineer, what are the limitations and constraints
of constructing this building?

-

How do you think it would be possible to interpret sustainability
for SBRC in your field?

Electrical
Aspect

-

Can you tell me about electrical aspect of this project?

-

What are the differences between this project and other project as
electrical aspect?

-

How much do you think you can achieve your aim?

-

If you were to start this project again, what would you do

Conclusion

differently?
-

What advice would you give to other people wishing to build
LBC, Net Zero Energy and Green Star certified projects?
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Interview questions of the SBRC contractor

General

Vision

-

What is your role in the SBRC project?

-

How did you start to take part in this project?

-

When did you start to take part in this project?

-

What is your understanding of the vision of SBRC?

-

How can deliver the vision in to reality?

-

What is the most important factor for constructing this
project?

-

What are the constraints and limitations in this project?

-

What are the main challenges in this project?

-

What are the main differences between this project and other
projects?

Time
management Cost
management Conclusion

How did you manage the vision to reality?
Is project on time?
What is your strategy for time management?
Is project on budget?
What is your strategy for cost management?
What shortcuts are necessary to keep project on budget?
How did you solve the cost issue?
If you were to start this project again, what would you do
differently?

-

What advice would you give to other people wishing to build
LBC, Net Zero Energy and Green Star certified buildings?
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Interview questions of SBRC Cost Planner

General

Vision

Cost
management

-

What is your role in the SBRC project?

-

How did you start to take part in this project?

-

When did you start to take part in this project?

-

What is your understanding of the vision of SBRC?

-

How can deliver the vision in to reality?

-

What is the most important factor for cost planning of this project?

-

What are the constraints and limitations in this project?

-

How did you manage the vision to reality?

-

Is project on budget?

-

Which one is more costly? LBC or Green Star?

-

Is there any priority for cost of different parts of the project like
material, site, ...?

-

What is the relation of cost to other aspect of the project like time
and quality?

Conclusion

-

What are the penalties if project fails in cost?

-

What is your strategy for cost planning?

-

What shortcuts are necessary to achieve the on budget project?

-

If you were to start this project, what would you do differently?

-

What advice would you give to other people wishing to build LBC,
Net Zero Energy and Green Star, etc. building?
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Interview questions of SBRC Structural Engineer
General

Vision

-

What is your role in the SBRC project?

-

When did you start to take part in this project?

-

How did you start to take part in this project?

-

What is your understanding of the vision of SBRC project?

-

How can deliver the vision in to reality?

-

What are the challenges in this project?

-

As a structural engineer, what are the limitations and constraints of
constructing this building?

-

Is there any difference between constructions this building and normal
building?

-

How do you think it would be possible to interpret sustainability for
SBRC?

Material

Site

-

Is there any recycled material used in this project?

-

How do you become sure for their quality?

-

What are the problems for using recycled materials?

-

How did you choose materials to build a sustainable building?

-

Is the site suitable place for constructing this building?

-

As a civil engineer, do you think what the problems of constructing
this building in this site are?

Water

Energy

Cost

Conclusion

Can you give me some information about how do you want to achieve
net zero water?

-

What are the difficulties?

-

How do you want to achieve net zero Energy?

-

What are the difficulties?

-

Can you talk about the total cost of the project?

-

Is project on cost?

-

What are the penalties if project has delay?

-

If you were to start this project again would do anything differently?

-

What advice would you give to other people wishing to build LBC,
Net Zero Energy and Green Star certified projects?
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Interview questions of ESD consultant

General

-

What is your role in the SBRC project?

-

How did you start to take part in this project?

-

When did you start to take part in this project?

-

What are the challenges of joining the project in mid-design
rather than being in it from the start?

Vision

Sustainability

Conclusion

-

What is your understanding of the vision of SBRC?

-

How can deliver the vision in to reality?

-

What is the most important factor for designing this project?

-

What are the constraints and limitations in this project?

-

How this kind of projects should be planned and designed?

-

What are the priorities for designing these kinds of projects?

-

How make sure to achieve LBC and Green Star?

-

Which one is priority to achieve? LBC or Green Star

-

If you were to start this project again, what would do differently?

-

What advice would you give to other people wishing to build
LBC, Net Zero Energy and etc. building?
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Interview questions of the SBRC IT Manager
General

Vision

-

What is your role in the SBRC project?

-

When did you start to take part in this project?

-

How did you start to take part in this project?

-

What is your understanding of the vision of SBRC project?

-

How can deliver the vision in to reality?

-

What are the challenges in this project?

-

As an IT engineer, what are the limitations and constraints of
constructing this building?

-

How do you think it would be possible to interpret sustainability for
SBRC in your field?

Electrical
Aspect

Conclusion

-

Can you tell me about electrical aspect of this project?

-

What are the differences between the SBRC and the SMART
Infrastructure Facility?

-

How much do you think you can achieve your aim?

-

If you were to start this project again would do anything differently?

-

What advice would you give to other people wishing to build LBC,
Net Zero Energy and Green Star certified projects?
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Appendices E: Interviewer’s Reports
Interviewer’s reports for the SMART Infrastructure Facility, with:

-

Project Manager

-

Senior Manager

-

Chief Operating Officer

-

Engineering Operation’s Manager

-

Laboratory Manager

Interview with the Project Manager of the SMART Infrastructure Facility

 Role
He is the Project manager at the University of Wollongong and he looks after a lot of
new buildings. The SMART building received funding from the government and he was
the university’s project manager to manage the consultant, user groups (University) and
the builders. He started this job for the SMART Infrastructure Facility in December
2009 and the building was occupied in January 2011.
 Vision
The original building was used for engineering; the first section was built around the
1950’s and early 1960’s and two other buildings have also been added on over time.
These additions have resulted in a building that overall, has not been designed very well,
so after 40-45 years of almost continuous construction it was decided that a new
building was needed. To achieve that goal the University needed a system so they
embraced the concept of smart infrastructure and on that basis successfully applied for a
government grant.
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The original building was only 3000 square metres, so with the new buildings, several
options were considered. The first was a building for about 13 million dollars, the
second option was for a slightly larger building of around 18 million dollars, but once
the government embraced the concept a smart infrastructure, the building would be a 4
storey facility of 12000 square metres and cost around 40 million dollars.
 Constraints and limitations:
-

The main constraint was the size of the footprint because the building was governed
by the road. So, the limitation was the site, which was a physical constraint.

-

Budget

-

Time: the building had to be finished by 2011 for the academic year. In addition, as
a result of government commitment, the building had to be constructed as soon as
possible.

-

Method of construction: An alternative construction method was used instead of a
lump sum construction. In this method, a rough design is drawn up, the builders are
engaged to work, and the documentation for the internal areas is completed. This
meant the workers work directly instead of giving a fixed price and the builders
tender all the packages out. This method poses a risk to the University because the
builders don’t know how much the building will actually cost. (The cost of
managing all the projects on Campus East is discussed at a monthly meeting and
reported through the senior extras which is called a project control group meeting
(PCG)).
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 Cost and Time
The project was almost delivered on time and on cost. The project ended up being a
little more flexible regarding the time limit because students were arriving in 2011 and
needed to back into the building.
The construction cost was 40 million dollars, with 5 million dollars allocated for
equipment and 5 million dollars for IT. The total cost of the building was about 61-62
million dollars.
 Sustainability
At the design stage the aim was to go for Star Rating building in 2009, but it proved to
be very complex because it needed a lot of documentation and effort to maintain the
documentation because the Green Star rating is very prescriptive and the University
found it difficult to get the point in some areas because some Green Star criteria were
opposed on the University’s philosophy on ESD initiatives.
 Building benefits
-

Mechanical aspect: efficient work with chillers and louvres that open when the
weather is nice outside.

-

Electrical aspect: using a building management control system to maintain
everything on time clocks and space light fitting controlled by the management
system.

-

Hydraulic aspect: harvesting rainwater by capturing water off the roof and using it
to flush toilets and downstairs in the thermal laboratory and Thermodynamic
laboratory.
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-

Furniture in the building is eco-friendly and recycled concrete and recycled
materials are used for fixtures, fittings, and paints.

 What would you do differently if you wanted to start this project again?
-

Use a lump sum construction method instead of a construction management method.

-

Use louvres for public places and not for the laboratories.

-

Not going for Green Star because it is tedious and prescriptive. Getting each point
for green star is very tedious and costly. There would be more benefits in
University’s ESD guidelines than Green Star.

 Advice
Keep everybody in the three user groups informed about what is going on.
Interview with the Senior Manager of the SMART Infrastructure Facility

 Role
The Senior Manager was responsible for the function and use of the SMART
Infrastructure Facility, rather than its construction.
A Project Control Group was formed by University to ensure that the architect worked
with the users of the building to develop plans to ensure the building will reflect the
needs of the users. Thus the Senior Manager represented the Engineering to make sure
that everyone in the faculty would know that about 50-60% of the building will be
engineering laboratories. Moreover, there was a need to look at the use of spaces, the
width of doors, the ability of the lift to carry heavy weights, to sort out the water supply,
the concrete floors, and all the practical aspects associated with that.
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 Vision
Although the building does not have a 6 Star Green Star or a LBC certificate, the aim
was to minimise the energy usage consistent with the budget. Because of the number of
square metres required, and the budget, it was impossible to construct a 6 Star Green
Star building even though the architect tried to get as many Stars as possible. For
instance, it was decided to have natural ventilation using louvres that open when the
weather is nice outside instead of air conditioning that is expensive and not energy
efficient.
The University was successful in getting funds from the government because of the idea
that the function of the building would be to analyse simulate infrastructures to capture
money. So, the uniqueness of the idea and the argument that Australia needed a
SMART Infrastructure Facility resulted of them getting the funds.
 Challenges
-

This is a multi-user building that needed agreement from many different types of
people, all with different ideas. Different parts of University were involved so there
were different groups of people around the table at the same time to prepare the
proposal. After the money arrived there were again different users and a lot of
compromises, a limited budget, and an effort made to keep everybody happy while
trying to keep the main purpose of the building consistent because all the users
wanted the building to do everything for them.

-

Destroying the previous building and constructing a new one was a challenge
because there were lots of laboratories and workshops for the Engineering Faculty,
all of which had to be transported to another site in Wollongong to keep everything
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working because the faculties were still operating. After the building was completed,
all the equipment and machines were then moved back to the SMART building.
-

Achieving Green Star added some cost to the project because of the extra cost of
materials and natural cooling and heating.

 Cost and Time
The budget was precisely 45 million dollars and University made it clear that the budget
was fixed.
The project was on time and almost on budget.
 Result
The result is successful because of the building provides different facilities such as
office space, accommodation, laboratories, classes and workshops. 220 PhD students
are in the building.
There have been a lot of problems with computers and the network, and lots of
argument about who is going to maintain it and how, after 6 months and lots of
argumentation, the system is working very well.
 Is there anything that you would do differently if you wanted to start this
project again?
The project control group was not experienced and they should have given information
on the building’s function. This SMART Infrastructure building is between 4 and 5 Star
Green Star. Poor information about the Green Star rating was the reason that the
building did not become the a 5 Star Green Star building because the group did not
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know that with same amount of money but smaller building or retrofitting later if
money, then achieving a 5 Star Green Star was possible.
 Advice
It is essential to get more information about how to achieve Green Star rating and to
understand how much effort needs to be put in to increase the Green Star rating because
it is new area that it is unfamiliar for many of architects. The University needs some
philosophy about the expense, the square metres, the function and other aspects required
to achieve Green Star rating.
Interview with the Chief Operating Officer (26/7/2012)

 Role
The interviewee was the Chief Operating Officer of the SMART Infrastructure Facility
responsible for the building management system within the SMART building. The
University recruited her in February 2009 when the building plan was set in order to
manage the facility. She had to coordinate the users within the space and fit them all in
the building and keep everyone happy. The decision was to share some labs among the
faculties and share the space among PhD students with similar interests.
In addition, 5 million dollar funding was added for capital equipment. Then, there was
a committee that consisted of the Deputy Vice Chancellor, the Deans of Engineering,
Informatics and Science, and the Chief Operating Officer and they decided what the
best fund was for each person who does research. So, she started the process of
recruiting people to come around the facility. She was not involved in the building
construction that much, indeed lots of decisions around what green rating the building
would be were made before she was recruited.
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 Vision
The aim of this building was to provide facilities like laboratories so the faculties of
engineering, informatics, commerce, and science could do research in the infrastructure
space. The SMART Infrastructure facility is a research centre that looks for commercial
research work in infrastructure space and there is a team of academics who look at
complex system modelling, infrastructure government and economics modelling (public
private partnerships) vision.
Part of the funding for the SMART building came from the NSW government that gave
10 million dollars because they had interest in Rail research and a separate unit does
that. So there is a shared facility for faculties but there were also small unit insides that
which were externally focused to boost the University’s research output.
The vision of the Vice Chancellor and the previous Vice Chancellor was to boost the
research ranking of UOW, which needed to have publications, PhD students, and
research output. Therefore, the SMART Facility houses 200 PhD students working on
infrastructure, and research engaged to industry in area such as climate change, water,
and mechatronics.
 Time and Cost
The University received a 35 million dollar education fund from the federal government
to support capital building and it was one of the highest grants allocated in December
2008. Then by May 2009 the ground was broken. The actual building cost was about 42
million dollars. The University put 17 million dollars of their money for salaries costs
and operating cost, but most of the federal money went for the physical building.
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The project was a bit over time because of the impacted of rain. There was some issue
when the site was broken in May 2009, which delayed the project for a while, and then
the formwork company got in trouble and the University worked to have those people
reemployed. During this process the work stopped which delayed the project. Then in
the February the rain broke the drought which had an impact on project time. The
project was scheduled to be completed in October 2010 but the real time to move in was
February 2011, which was excessive in the scale of a big project.
 Challenge
-

The biggest challenge was physically getting into the building in time for teaching.
There are eleven labs which needed to be fixed so there was an organising process
where labs started running by 28 February while other parts were not finished.

-

The budget was always tight, and going for a green building costs more.

-

Green Star was a challenge because the ground floor is an engineering workshop
which meant the design team had to get that ranking up with machines which impact
on the rating.

-

Using a mixed model air conditioning where the louvres are open when the outside
weather is nice posed a problem for students and lab users who were used to having
permanent air conditioning.

-

Running steel in the building was another issue because there was a need to
purchase Australian made products as much as possible, which added to the cost.
The steel was purchased from BlueScope, and was a mixture of Australian and
Chinese product.

 Green Star
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It is important to be committed to the planet and try to go for a Green Star rating in the
building but it does cost and it needed to be moderated.
 Result
-

Four Star Green Star building

-

Environmental green rated furniture

-

Use solar panels on the roof

-

Use recycled water tank (40,000 litres) for the ground floor.

 What would you do differently if you wanted to start this project again?
The building needs some changes in the design to make it more energy efficient, such as
locating staircases near the front door to reduce the use of the lift.
 Advice
-

Keep a practical eye on the building

-

Consider users and customers at different stages of building construction

Interview with the Engineering Operation’s Manager

 Role
The interviewee is the “Operation’s manager in Engineering Faculty”. He has worked in
the Engineering Faculty for 27 years so he had long history in the old building. When
the University received funding to construct the new building, the old building was
demolished. He had input with the architect into the design of the new building,
including the laboratories and workshop, because of his residency in the building for
approximately 24 years. The criteria was to make the building practical to work in
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because the old building had poor access, poor lifting capabilities and power
requirements for lighting, headhigh, and etc. One of the main needs was to design the
doors to allow access to the workshop, highbay area, and laboratory spaces, and to lift
heavy equipment with trucks.
 Vision
The aim was to construct a new building in 2 years. It took 6 months from the time the
old building was demolished building before the foundations for the new building
commenced, which was a long period of time. 40 million dollars was used for the
building and 20 million dollars for the equipment.
 Sustainability
The Engineering Operations Manager mentioned that he was not involved with the
sustainability and environmental aspect of the project. He mentioned that the
sustainable aspects of the project are:
-

Use the water tank in the fluid labs area

-

Water harvesting under the ground, which services toilets and amenities

-

Rainwater catchment in the thermal fluid labs

 Challenges
-

Foundation: old foundation was swamped and the whole building had a lot of cracks
in the floor, so a lot of piles were used in the new building.

-

The roads and structure around the building made site access difficult.

-

To ensure that the walkway between buildings 4 and 6 was high enough for a 3.63.8m high concrete truck to pass under.
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 Result
-

Good space for the engineering laboratories and workshops

-

The water tank is very efficient because it is filled in about 2 hours. It is closed
system, so it doesn’t waste water.

 Advice
-

Involve technical staff in the design of the building to ensure it will be used
efficiently

-

The team members need to be involved in the user group meetings.

-

Use the experience of the staff to ensure the laboratories and workshops are
practical.

Interview with Laboratory manager of the SMART Infrastructure Facility

 Role
The interviewee was associated in the SMART Building project from the beginning
when the existing resources were moved another place to construct new building. He
was involved in the meetings which decided how the rooms and building would be
allocated to different schools because there were different spaces allocated for
laboratories as well as a research centre and offices for postgraduate student. As a
representative of the school of Electronics, Computer and Commutation Engineering, he
did preliminary work to help ICTA make some additional space for Mechatronics in the
SMART Building.
 Vision
The vision for the SMART Infrastructure Facility was to get a different range of
faculties together within the University to come together for research into Infrastructure.
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 Challenges
The main challenge was to negotiate with every other user for the resources of the
building because everybody wanted space. For this reason fortnightly meetings were
held to come up with a reasonable outcome. The first decisions were made by the high
level group which consisted of the Deans and the Director of the SMART Infrastructure
Facility, and the Director of the University.
 Green Star
He was not involved in the Green Star but he thought attempts should be made, while
keeping in mind the funding and actual feasibility of achieving a rating system.
 What would you do differently if you wanted to start this project again?
The outcome is pretty good and it does not need any change.
 Advice
-

Consultation is the key in the projects. For the SMART Infrastructure Facility, there
was a lot of consultation in the entire process. It is so important to talk to
stakeholders at different stages of project to find out their needs and bring them
together. Without consultation, it would be impossible to build.

Interview’s reports for the Sustainable Buildings Research Centre, with:

-

Director

-

Project manager

-

Academic 1
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-

Academic 2

-

Academic 3

-

Building contractor

-

Cost planner

-

Structural Engineer

-

ESD consultant

-

IT manager

Interview with the SBRC Director

 Role
The interviewee is the director of SBRC.
 Vision
This project is unique compared to other UOW research buildings because doing
research on the building would be an essential part of this project. It is a unique service
project. The aim was to take advantage of the design of building in order to use it for
research and also for doing research in the designing of the building, too.
The interviewee mentioned that the vision commenced in retrofitting (RRSB program)
as a key driver in September 2009. Three different stages were for grant funding
application process. In October 2009, the first stage was run and the second and the
third once were in December 2009 and January 2010, respectively. The vision was
developed over this period and the vision of the RRSB program took around.
The initial target was a Six Star Green Star building for the SBRC. The design
competition for the SBRC was in January 2010 and the competitors have to give the
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design brief. The competition among the three finalists was in February and March
2010.
Then in May 2010, the University received the funding and the architect was awarded in
June 2010. The reason of choosing them was their commitment, and experience in
design of sustainable building.
The exact location of the SBRC was selected in the Innovation Campus after getting the
fund, and the site analysis was done by the architect.
In September 2010, the director, and the project manager joined the conference by Jason
F. Mclennan from the Living Building Challenge and after that the director asked the
design team to review the design, and design the building with the highest possible
sustainability performance by achieving the Six Star Green Star and the LBC, together.
In October 2010, the director and the project manager did the international benchmark
exercise to visit Berkeley University of California, Lawrence Berkeley National
Laboratory, Oak Ridge National Laboratory, BRE and SINTEF in November 2010.
In the next stage, the site analysis was done by looking at the functional layout with the
specification for the size of exhibition, labs, and etc.
In December 2010, the Vice Chancellor approved the design, and the DA submission
was in February 2011.
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 How did the architects adjust LBC and GBCA together?
SBRC is the first building in Australia that the architect and partners designed to
achieve both 6 Star Green Star and LBC. This meant that understanding the benchmarks
for sustainability in the building was difficult because the architects had no previous
experience with LBC, but they had been involved with 5 Star Green Star buildings.
The ESD consultants were engaged in the project very early on; one of whom used LBC
to construct whole ranges of what would have to be done to track the imperative
framework they would struggle to get. She also started looking at Net Zero Energy,
which is the key energy imperative for LBC.
The aim in the SBRC project was to use natural ventilation rather than air conditioning.
The new ESD Consultants approached their targets differently; they did thermal and
energy modelling of some buildings in parallel with architectural iterations from what
they wanted but it never happened. One simple question they struggled with was “How
many solar panels do they need to make this building Net Zero Energy?” The ESD
consultant gave energy consumption a key report because it basically says what the
assumptions are in terms of the size of the building, space, zone, what the lighting gain
is and how many watts per metre squared they need to spend on lights? The annual
energy consumption was done in the first of June 2011 and the same estimates were
halved, based on rules of thumb and 4 star NABERS.
The issue was that the energy consumption was too big and they would need huge solar
rates. That was massive imperative for the architect because it was originally 380,000
KWH and they only had half of this. They had solar panels all the way along in the
north and all over the office roof but that was still not enough. They had to squeeze the
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energy consumption down to a minimum because the normal benchmarks were too
conservative, so they under sized the PV systems.
 Natural Ventilation
The aim of SBRC was to use natural ventilation for heating and cooling but the results
from the thermal modelling showed that some heating and cooling systems would be
needed. Natural ventilation alone was not sufficient. Then they developed a sort of
HVAC systems which are tracking sheets for all the Green Star points.
 Materials
Recycled timber would be used in this project, but not structurally because it would be
too expensive, and the concrete columns outside the buildings would come from
Adelaide, which was too expensive.
 Status of the project at 19/12/2012
At this stage the project was over budget and the Project Manager and quantity
surveyors were surprised by how much, and noted that most of it was for the contractors
around Green Star and LBC. At this stage two project management with the contractors
to work out any misconceptions, errors, and etc.
And at the site the piles have been finished.
Interview with the SBRC Project manager

 Role
The interviewee is the Project Manager of the SBRC, and has been since August 2011.
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 Vision
SBRC is the Flagship research as part of the RRSB project and the funding agreement
was for the RRSB project.
SBRC’s vision was not quite solid at the funding stage and it was essential to find out
the way to do this program and the related research. Part of the SBRC’s vision came
from the idea of sustainable buildings in Europe and US. At the next stage the vision
was to construct a building which will achieve both the 6 Star Green Star and the Living
Building Challenge certificate and be a “World leadership”. In the reality the vision has
continually been updated to adapt to delivery. Therefore, SBRC is going to be a
research building, which consists of offices, exhibition, training areas, and a high bay.
 Difference between this project and other project:
-

This project was not defined and needed to define desired outcomes.

-

Consultants needed to understand the vision to establish the goals and deliver them.

-

Difference between delivering the Green Star and Living Building Challenge.

-

Design team could not take traditional architectural approach for achieving Green
Star and LBC.

-

Integrate ESD consultants upfront in the design process to work together to deliver
ESD goals and outcomes.

-

Push the boundary of sustainability and adapt LBC to be a forefront building in ten
years.

-

Bring energy modelling and thermal modelling in the design process before
documentation to assess the energy performance of the building.

 Which one is priority? LBC or Green Star
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Green Star has the following features:
-

Fantastic design tool

-

Good guidelines for the design process

-

De-documentation and submission in Green Star in all of the star credits is valuable

-

Does not produce any benefit for the building design

-

Costly

-

Does not give philosophical choice of ESD as LBC does

-

Easily achievable

-

More holistic view than LBC

-

Numerous specific criteria as an example of energy efficiency and it conflicts with
thermal comfort criteria

-

Contradictory point within Green Star which essentially challenges the
philosophical ESD principals

LBC has the following feature:
-

Efficient at delivering the project

The priority in this project is LBC. Green Star is a result of commitment from senior
management to Green Star.
SBRC would be the first buildings in Australia to achieve LBC certificates. For SBRC it
would achieve the LBC petals. In addition, SBRC is expected to be the lowest energy
building of its type, size, and use in Australia.
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 Material
The project is very complex in the supply chain. We have gone through all the major
components of the building. We have specified products with Red List materials. For
piling, concrete, steel, chillers and lightings we can cope because we know where the
materials come for some but for PVCs it is so difficult. So, at this stage we just need to
realise there will be exemptions from minor components. Therefore, the approach to
materials is the best we can do now, the remainder are for the next project.
 Management aspect of the project
The most important part of project management is belief and a philosophical
understanding of what we are doing. For this project, ESD likes sustainability as a
primary function for the vision, and commitment to that vision is integrated into
everything.
In this project, managing costs, time, and quality are important aspects of project
management but integrating LBC imperatives as well as the Green Star certificate
through the process is the most important aspect of project management.
 Quality management
There are a couple of standards for quality management:
-

Referring the design brief to the UOW standards

-

Green Star criteria and LBC criteria which are a significant quality standard
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 Time
The project is not on time. The design process and moving ESD upfront has created
additional optimisation time. As an example, the architect thought hempcrete could be
used, but as a result of thermal modelling, it was not a good decision. By forcing ESD
and services to do thermal modelling, the architects could make decision for window
glazing, and etc. Normally architects go through the best design and do not go back into
the level of detail but in this case, in terms of managing the cost, the window glazing
was changed.
 Penalties for delay
The project is federally funded so the problem is delivering on the funding agreement. It
is not a normal building it would be a sample in Australia for people look at from an
energy efficiency point of view to try to lower the carbon foot print. There is no
punishment or penalty for delay, but there would be the discussion about the reasons for
delay to the government. The problem with any delay is that the project would cost
more, which is soft penalty.
 Cost
The RRSB project is on budget permanently, which is the overall funding so if the
internal budgeting between the various components of the project change, the overall
agreement does not move.
The SBRC building has pressure in terms of budget, which needs more than the amount
anticipated, and the design does not have enough money and needs more incomes,

217

Appendices

which it probably needs value engineering to exercise what has been done over the last
few months.
 Limitations
-

Not having clear directions about what to deliver is the biggest challenge and
limitation.

-

Delivery of building in current design environment

-

Integrating ESD consultants into the project early and force the architect and ESD
consultant to work together to make sure the model reflects the design. As an
example, in the TTT building, the HVAC system was cut from over 60KW to
40KW by the exercise.
 Challenges


-

Procurement:

The biggest challenge is the agreement between UOW and a certain contractor on
site.

-

Pulling out self-inflected instead of one huge contractor and builder who manage the
risk of the project


SBRC consists of five sub-projects which is a challenge because they have
different priorities and time frames:
1& 2. FF&E contract: this is two sub-projects

-

Collective design input for doors, furniture, tables and etc.

-

Recycled content such as recycled timber
3. Green IT project
4. Wind turbine
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5. PV, PV is a massive UOW project which went through the SBRC project as a
partnership
There are some more sub-projects such as:
-

SBRC is fundamental research with a large amount of industry input and partnering
fundraising so it is essential to go through the process of developing industry
partners along the way.

-

Design the ground source heat rejection system


Marketing for materials in LBC, because the supply chain does not know
where the materials came from

 What would you do differently if you wanted to star this project again?
-

Figure out what to do and how to deliver the vision as early as possible

-

Clear the outcomes and goals from the ESD point of view to integrate the work
better and explain the process better at an early stage. Clarifying that early and how
it reflected in the design consulting arrangement is imperative and it has not been
done well in this project.

-

The problem with the design delivery was that it did not take enough time to deal
with life cycle costs and maintenance because the maintenance group is different
from the capital project group.
 Advice

-

Follow LBC guidelines and principals of the philosophy of ESD to adapt through a
sustainability approach. Use the philosophy and guidelines of LBC as the overall
philosophy for delivering project.

219

Appendices

-

Use Green Star l as a tool for physically delivering but it will not be used in future
because it wastes time, money, and resources and it takes away from the true goals
which is sustainability.

-

Get around both LBC and Green Star as early as possible so that the design can be
influenced by those principals.

-

Deal with material petal of LBC early because it can guide the design team through
the principles driving the design perspective

-

ESD consultants and architects should work together to have a better result

-

Have a serious assessment and proper life cycle costing and decision for any
possible increase in the capital budget to deal with maintenance and operating issues.

Interview with the Academic 1

 Role
Interviewee 1 had different roles related to the RRSB and the SBRC project.
In the first phase (before getting the grant), he was part of the BID team to get fund for
the RRSB project and the centre research facility (SBRC).
In the second phase (after achieving the grant), he set the research agenda and identified
people to become involved in the SBRC. Candidates were chosen based on their skills
(forefront of technology of energy efficiency and energy auditing and photovoltaic) and
their ability to cooperate (teamwork) engineering, environmental science, PV
technology, and energy storage groups and etc. In addition, he received advice from the
Director and Project Manager of the SBRC on its specifications to make it a sustainable
building with respect to its structural components and loading.
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The last role is after the team has been chosen; at this stage he assists the team to
develop a research agenda and help the director as well. He also encourages his
colleagues to be involved in the SBRC project.
 Vision
The RRSB project has a multi-disciplinary vision which means it can be understood at
different levels. For instance the University’s vision for SBRC as part of the RRSB
project is to create a new research building around all the faculties.
The vision for RRSB has two aspects: retrofitting the existing buildings because most
buildings in Australia have been in existence for more than 20 years need retrofitting,
and the second is constructing a Sustainable Building Research Centre as a show case
building to monitor the occupant’s work and improve energy efficiency.
Achieving an energy efficient building is done by constructing a 6 Star Green Star
(project brief) building and meeting the Living Building Challenge that was added to
the vision in the first stage of the design. This building is intended to be a “World
leadership” in sustainability, and also be the most sustainable building within the budget
to promote sustainable technologies and demonstrate energy efficiency in an office and
research lab environment.
Another important aspect of this vision for SBRC building is to promote the human
factors because unless the occupants are prepared to be beneficent users of energy,
constructing a sustainable building is an exercise in futility. The users must intelligently
use less energy and behave in a way that optimises the benefits of the equipment.
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SBRC will remain at forefront of sustainability for ten years by continuingly updating
the equipment, adapting the building to work better and being a stable platform for
technological and cosmetic changes.
Furthermore, this building will encourage people to construct sustainable buildings
because they are more expensive to construct per square metre now than normal
buildings. Part of the research in SBRC is to develop tools to analyse lifecycles and
show that sustainable buildings can be better long term investments than unsustainable
ones.
 The main challenges
-

To encourage sustainability by everyone in the project because there are lots of
teams involved from all around Sydney and Wollongong. Indeed communicating the
same vision to structural engineers and structural contractors is a big challenge.

-

Another challenge is providing eco-friendly materials such as green concrete with
fly ash and slag but the supplier cannot to provide this kind of concrete; and the
builders don’t want to use another supplier who has experience in providing green
concrete because of their relationship with the supply chain. When the supply chain
does not understand about green materials it becomes impossible to procure them.
For example, the “One central park” in Sydney is a Six Star Green Star residential
building. The timber for this project was to be supplied from a sustainable forest and
had to be certified, but one supplier provided timber from an illegal forest where the
life has been destroyed and that became a major of source of embarrassment. It is
therefore important to put people on to work with the ESD consultant to track
material.
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-

Achieving a balance between Green Star and LBC is issue because sometimes they
oppose each other. Thermal comfort is a good example, because in Green Star
building the office temperature should remain in a specific range and not go above
or below that for a number of days in a year, so to provide that there is a need for
cooling and heating equipment, but the equipment is not worth having for just 10%
of the time. But by tracking LBC it would be possible to go for energy efficiency
and not using heating and cooling systems so the priority would be LBC.

-

The number of factors required in LBC is impossible to achieve in Australia because
it is a big country and sparsely populated so all the materials cannot be provided
locally so they must be brought in from a long distance, which means lots of energy
consumption. So the solution is to develop LBC’s rules which are valid for Australia.
 Make the project adaptable

If an office is designed for office loading then that is its use forever, but increasing the
office load makes it more flexible and adaptable. Although this increases the structural
cost by five percent, the load has increased by a hundred per cent. With this method
offices can be put on the top storey and it would be possible to change some office
spaces and kitchens into laboratories if there is a need for more experiment. This makes
the building ready for probable future changes.
 Site
-

Constructing this building will not destroy any wetlands and nature because
Wollongong was a hole which was filled with old coal wash. Thus the site is not a
very pleasant place but the purpose is that to construct a productive educational
research centre on this land and attract workers to provide facilities and create jobs.

-

The technical solution for strengthing the soil was to use piles for the foundations.
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 Materials to be used in the SBRC
-

Use green concrete

-

Possibly use hempcrete concrete in the decor

-

Use recycled timbers for partitions: the problem with using recycled timber is its
high cost and Australia is not a mature industry for recycling building components.

-

Recycled steel: It is so hard to buy recycled steel because most of the steel
recovered from building sites is useless because it goes back to the steel maker and
is put into new steel. Recycling consists of using steel to make steel; about 30 per
cent of metals used to make steel come from recycled materials.
 Project cost and time

In the SBRC project a standard form of contract will be used, but depending on the cost
of the building, the money will be paid, and it is a fixed price.
The project is behind time and work has stopped from the contractor’s perspective, the
problem being that the contractor is the principle contractor over the whole Innovation
Campus.
 Main Limitations
-

Budget

-

Contractor: the contractor has limited experience in building sustainable buildings,
despite having previously built all the buildings on the Innovation Campus; and the
limitation is that we are not allowed to choose the contractor.

 What would you do differently if you wanted to start this project again?
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-

Use an alliance contract to select the designer, contractor, architect, civil engineer
and etc. at the start to work together.

-

Have the contractor take part in the design in order to understand the vision and
deliver the project.

-

Engage the ESD consultant, structural engineer, mechanical engineer and etc. early
in the project to stop any problems before the architect produces all the drawings. In
addition, other technical constraints will be solved and money saved, so the project
will not go over budget. There are some problems with this because the number of
engineers, contractors and etc. capable of doing this is limited.

-

It is important to be aware that part of the outcome from SBRC is educating the
designers, contractors, and etc. to design and construct sustainable buildings.
 Advice

-

Think carefully and use other people’s research in this field.

-

Achieving Net Zero Energy needs a network of buildings to balance the community.
Achieving 90% of Net Zero Energy is easy but it will cost the same again to achieve
the last10%. Sometimes, achieving energy efficiency is just possible for groups of
buildings such as passive designs in Germany.

-

Considering the Net Zero Energy in building’s life cycle is important because tools
such as PV panels are become more efficient and cheaper every year and will
ultimately decrease the amount of energy consumed.

225

Appendices

Interview with the Academic 2

 Role
The interviewee joined the SBRC project in August 2011. He is working on developing
laboratories because the building has not yet been finished, but he is also working on
different kinds of research topics. For instance, the air conditioning system is part of the
effort and currently, the research is on geothermal heat pump systems.
 Vision
4 academic staff, technical staff, the manager and the interviewee are doing research to
put the SBRC project at the top level because it is not just for the University it will also
benefit society since energy is an important research area. The aim is to develop the
SBRC project into being a world class project.
There are two kinds of building formats:
1- Deliver a range of subjects
2- Doing research because the interviewee is a student coordinator and needs to
find students qualified to develop the SBRC project.
 Challenge
-

Getting funding at this stage to seek internal funding to support the development.

-

Getting support from the University and government for energy efficiency.

-

Key challenge is the funding penalty for not achieving Net Zero Energy.
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 Net Zero Energy
There are ranges of technologies and research on using solar energy and phase change
materials. Another research area is solar equipment system that some Masters students
are working on while other students are working on geothermal heat pump systems.
One of the key efforts is for building retrofits but at this stage the audit is low weight
because it is impressed by the other buildings. Energy efficiency in the building needs
flexible, low cost technologies and research is important to find out which technology is
efficient for different situations to save cost. For instance, the technology and
investment cost for the building in the east area is different from the other side and it
needs an economic analysis and risk assessment that some Master students are working
on. This gives the owner confidence to believe that the technology used for retrofitting
is feasible and the risk is very low.
 Sustainability
Choosing Green Star or LBC rating system depends on the place and conditions of the
building. For instance, most buildings in Australia have no air conditioning system and
are 20 or 30 years old, so they are difficult to demolish.
The SBRC building is a Net Zero Energy building with PV panels, wind turbines, and
geothermal heat pumps, and it also has ranges of natural ventilation and daylight
systems.
At this stage the cost of new technologies is higher than other technologies, so the aim
of the research is to reduce the cost of some of technologies and make them feasible by
auditing with a qualified team and students. The key challenge is the funding penalty for
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not achieving Net Zero Energy. This depends on the climate because some areas are
cold in winter and hot in summer and achieving Net Zero Energy in these climates is
more difficult. Achieving Net Zero Energy is simple for a cooling system as a result of
using passive design, natural ventilation, window shading, using some materials and
technologies.
 Is there anything that you would do differently if you wanted to start this
project again?
The start of any project is based on estimation, simulation and previous knowledge, but
development faces different challenges, and at the end of a project new ways for saving
time and effort is always found. In addition, some technologies are feasible for some
projects and not feasible for others.
With the SBRC project, there is a chance to change some parts because it is not yet
finished.
 Advice
-

It is possible to find new technologies with enough support from the building owner
because new technologies provide for a much more flexible facility in the future. In
addition, the cost of using new technologies will decrease in the future.

-

There are some ways which were used many years ago like natural ventilation
which are still a competent and feasible approach.
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Interview with the Academic 3

 Role
The interviewee’s role in the SBRC project consisted of teaching and research. The
teaching component involved developing and delivering professional development and
undergraduate courses in the areas of energy efficiency in electricity utilisation,
enhancing electricity networks energy efficiency, renewable and embedded generation,
and smart metering and demand side management. The research component is basically
a compliment to the above teaching areas, but more specifically includes demand side
electricity management, smart grids, building control systems, and monitoring for
energy efficiency. He started his work on the SBRC project in July 2011.
The primary objective at the moment is to deliver the energy efficiency courses, as well
as gradually addressing the research objectives through two of his research students, one
of whom is developing building energy and environmental monitoring equipment, while
the other is involved with the performance of microgrids.
 Vision
The SBRC project is designed to undertake research to determine the most effective
means of reducing the environmental (including carbon) footprint of the building sector.
The focus of this research is on retrofitting technologies. The SBRC facility is the key
to this project as a research and demonstration facility.
Achieving the vision needs a high level of involvement with industry to undertake the
style of research proposed. Retrofitting technologies will need to be evaluated for
performance and cost effectiveness. Initial research will generally be focused on
developing the testing equipment and analysis tools.
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 Challenges
-

Amongst the usual research constraints, obtaining a high level of involvement with
industry will be one of the biggest challenges. Obtaining the necessary research
resources will also be a challenge in a very competitive engineering market.

-

The limitations and constraints are mainly budgetary. A high level of automation of
the building components, on-site generation, and distribution system is possible, but
this can be expensive. A considerable challenge will be to ensure the building
achieves its net zero energy requirement on an annual basis. The budget dictates
how much localised generation is available, and some of the research proposed may
well utilise or divert some of this generation for prolonged periods.
 Sustainability

The interviewee believes the building industry has many complex factors which
influence sustainability (e.g. population growth). It is very difficult to utilise resources
in a perfectly sustainable way for such an industry, as utilisation generally means there
will be some consumption (not replenished). Thus the main objective is to work towards
sustainability minimising the environmental impact and maximising the potential of the
materials and technologies that are used. In the electrical discipline this means reducing
the energy use and improving the control and management of electrical energy.
 Electrical aspect of the SBRC
The main electrical aspect of the SBRC building project is the integrated building
management system (BMS) and the microgrid. The BMS is critical to obtain building
data and implement control strategies associated with the building components (e.g.
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automation of blinds). The microgrid involves the control and utilisation of localised
generation and energy storage.
The level of integration of building components and the BMS will be the most
significant difference between SBRC and normal projects. The SBRC facility is
designed to be a demonstration tool and thus the level of control will be greater than
usual. The integration of various localised generation will also be a key difference to
larger commercial buildings (but hopefully less different in the future).
 Result
The aim is to develop, evaluate and demonstrate the various options available to retrofit
existing buildings and integrate technologies into new buildings. In this manner the
interviewee believes that the aims are achievable by getting suitable industry support.
 If you were to start this project again would do anything differently?
In relation to the electrical design aspects, the final design is yet to be completed. It
would be useful to engage some experienced consultants in the area of renewable
generation and microgrids to ensure good practice is implemented, and detailed design
is completed appropriately to ensure that a suitable research tool (the SBRC microgrid)
is the result.
Interview with the SBRC Building contractor

 Role
The interviewee is the project director of the contractor company, the builder of SBRC.
He started work on the project in April 2011. The contractor had a meeting with the
clients (UOW and design team) to work out the cost of planning the project because
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there was specific amount set aside in the budget for building construction. Therefore,
from April to August 2011, meetings were arranged every two weeks to come up with a
design that is balanced with the budget. After that the work changed from September to
November to working on the tender, which was signed with UOW in 16 April 2012,
after which construction commenced.
 Vision
SBRC is going to be a 6 Star Green Star and LBC certified project. The vision is Net
Zero Energy and Net Zero water and materials for the material petal of LBC.
 Challenges
It is not a difficult project to deliver the designers have provided sufficient
documentation. As a builder, the most difficult part is the material petal because it has
never been attempted in Australia before and neglecting the Red List materials of LBC
is a great challenge. The architect has provided a material tracking register which lists
materials, sources, restrictions and etc. to achieve the material petal step by step.
Material petal such as using sustainable timbers adds to the cost of the building. The
project had to be started earlier but the project cost more than the budget and took time
to fix.
Another challenge is recycling the high percentages of LBC on the site because for this
it is essential to have separate bins for timber, plastic and other materials and general
bin for general rubbish for recycling. This requires a big area and a big site for placing
the bins in the site and the problem is the site is not big enough, although it is suitable
for allocating a water tank to save water.
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 Sustainability
Green Star and LBC are both priority aspects of the project because it’s in the contract
and the contractor believed it would not be difficult to achieve these certifications.
 Difference between this building and normal buildings
This project was different at the design stage because of Net Zero Energy and Net Zero
Water. But as a builder, this project is different because of the materials and the need to
take photos that show how construction is efficient. For the material petal it was
essential to contact the industry to get feedback especially for timber.
 Advice
-

Use consultants who understand LBC, such as the ESD consultants who have
experience with LBC and are familiar with its limitations.

-

Work with the builder upfront to help the architect because the cost planner was not
familiar with LBC and the calculated cost did not reflect the actual cost of the
building.

-

Give guidance to all the designers to clear the target

Interview with the SBRC Cost planner

 Role
The interviewee is the Quantity surveyor for the SBRC project. He started to be part of
this project in terms of cost and design in November 2010.
From 17th April 2012 (the time the project started again), his role was to review, scope,
and progress the contractor’s claim for work accomplished, including any changes
through variations.
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 Vision
-

Achieve Six Star Green Star (design)

-

Achieve LBC (Delivering the project)
 The difference between this project and other projects:

-

Adherence to the LBC and Six Star Green Star

In terms of Green Star, most of the new buildings in NSW are Four or Five Star and it
would be easier to quantify the cost. It would cost more for a Six Star building because
all the parts must be checked and balanced.
In terms of LBC, there are lots of strange parts for material selection, with the result that
choices are limited because procuring the material for the LBC works for America, but
for Sydney, that meant having materials delivered Melbourne, Brisbane or Canberra,
which is against the LBC criteria. In addition, the sub-contractors were not familiar with
some of the materials which increased the cost of the project.
The strategy for this project is the same as other projects. It just requires guiding the
design team more in terms of nominating the architect, the requirements, and choosing
the supplier for specific types of materials. And the role of cost planner is to contact the
supplier, but the choice for the supplier is so narrow, and after that it goes to other
processes.
So, adding LBC to the project just cost more as a result of specific types of materials.
 Challenges
-

Materials

-

The different roof for the highbay, which added the cost
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-

The way of constructing the building

-

Tracking the first goal

 What is the priority? Green Star or LBC
LBC:
-

More costly because it is unusual in Australia and the builders and staff are not
familiar with LBC.

-

Many aspects of LBC that can apply in US cannot translate to Australia because
while the US and Australia have almost the same size and landmass the US is more
populated than Australia. As an example in Australia, the materials would need to
come from long distances because the suppliers are a long way from the project.

-

The first time it was to be delivered in Australia
Green Star:

-

More people understand it and they are familiar with Green Star skills

-

Not easier than LBC but it is more familiar



The solution is to have a clear strategy at the start of the project, which helps with
LBC and Green Star. As more buildings become more sustainable and the
contractors and consultants become more familiar with Six Star and how far to go
with LBC it will become more popular in Australia or maybe it is just the case with
UOW.



The priority for this building is LBC. At the start Green Star was the aim, but then it
changed to LBC.
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 How to balance time, cost and quality?
-

The most important part was to determine the actual cost for the builder and then
understand the project.

-

Time was not a very important factor because of contractor was joining the project
early and there was just six weeks to get documentation and the price, and all the
way was similar through the issue of quality.
 What would you do differently if you wanted to start this project again?

-

Make sure everybody understands what the project is going to be.

-

More direct involvement from the contractor at earlier stages of the work.

-

Be aware of LBC and how it affects the project and budget (some aspects of the
project was a learning experience).
 Advice

-

Be aware of additional cost as a result of going for Six Star

-

Try to integrate Green Star and LBC even though they are different and LBC just
looks at construction while Green Star gets the point for design and actual
construction.

-

Be aware there are two ways of being assessed for a sort of compliance with LBC
and Green Star because LBC and Green Star have similarities in terms of
sustainability but the way of assess it is completely different.

-

Try to find someone familiar with LBC before starting construction to eliminate the
issues

-

More direct impact from the architect and ESD consultants in terms of material and
requirements and then go and price them.
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-

Builder needs to be familiar with Material petal and realise it is not a different
construction process.

-

Adapt LBC to Australia because it is impossible to go through LBC due to the size
and situation between Australia and America.

Interview with the SBRC Structural Engineer

 Role
The interviewee was the project manager who reported to the project director. He
managed the design and documentation and dealt with the architect as the team leader.
He started his job in June 2011. Initially, he was involved in the design of the steelwork
roof for the office building.
 Vision
The vision for SBRC is to be the leader and central hub for research into sustainable
development in buildings and retrofitting by assisting in the thrust towards the
following targets:
-

ESD for all buildings (commercial and residential)

-

Net Zero water and power usage: Zero power usage stems from producing power on
site by utilising solar and wind and using natural ventilation wherever possible and
state of the art low energy HVAC where needed as well as Green IT and lighting
solutions. In addition, achieving net zero water usage stems from harvesting
precipitation on site and managing storm-water. This system does not require any
water from external sources and grey water is treated and purified.

-

Net Zero emissions for buildings over the life of the building: Zero emissions is by
selecting low embodied energy materials and/or use recycled products and
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environmentally friendly products. As an example, choosing high thermal mass for
selecting concrete floor slabs/brick wall in order to reduce the energy requirements
of the building. It is necessary to consider the life cycle cost instead of upfront cost.
SBRC is going to be a centre for learning/education and the dissemination of knowledge
to the community, to inspire others to follow the same direction and provide R&D to
industry.
In addition, the vision for SBRC is to construct a 6 Star Green Star certified and Living
Building Challenge certified research centre, consisting of a single storey high bay
structure for testing and research and a two storey office and education building.
 Materials
Concrete: the concrete in SBRC is the concrete with less Portland cement, more
recycled/reclaimed products, aggregate substitution, recycled (slag or aggregate from
demolished slabs) and reclaimed (unused fresh concrete returned to its manufacture i.e.
inadequate slump).
Steel: steel is classified as reinforcement (used in concrete) or structural steel and used
steel should be certified valid ably and currently.
Recycled materials in the building consist of timber (demolished bridge), bricks,
aggregates, pozzolans gravels and crushed concrete for pavements. Choosing materials
is based on satisfying engineering principles and ESD requirements like low embodied
energy, responsible suppliers who are active and aware of ESD requirements, durable
(long life products, with minimal maintenance requirement).
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 Site
There was no real problem with the site from a civil and structural perspective.
Obviously, from a cost perspective, it would have been more economical if the building
was located inland (away from the beach front) and therefore have less stringent
requirements in regards to concrete quality and surface protection of exposed steelwork.
It would have helped if the foundation was medium to strong rock and closer to the
surface in order to delete the need for precast concrete displacement piles and issues of
differential settlement with the services and building structure.
As a civil engineer, there was no real problem with site because at the initial set up the
wetlands and bio retention had been carried out by another civil engineer and at this
stage all that was needed was to hook into the system they have already established.
As the structure is piled to rock and it overlays (loose coalwash fill, residual clays and
sandy clay on weak rock) which is expected to settle by 20-40 mm over the long term,
piles have been designed to expect that sort of movement.
 Challenges
-

Complying with the Red List materials

-

Much more awareness is required in selecting materials in order to comply with
green point systems

-

Materials suppliers need to ensure that they are able to supply the materials which
satisfied ESD requirements.

-

Concrete with pozzolans (fly ash, slag) may at times be difficult to finish.
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-

Services did affect the design of the structure. Ground floor slab profiles were
needed to be revised to suit the requirements of the service consultants. Closer
coordination

and

awareness

was

required

with

the

service

consultants

(Mechanical/Hydraulic). Services had to be developed to a greater extent and be
agreed by the client early in the development phase.
-

Achieving longevity of materials was exposed to the elements without replacement
and with minimum maintenance, especially as the building is close to a beachfront
(surf coast).

-

Building materials had to satisfy various standard design limits and architectural
requirements, fire ratings, acoustic, durability, strength, serviceability, stability and
ESD requirements, and economy.

-

Bracing had to be carefully coordinated due to the natural ventilation and glazing
(visual) requirements of the architects.
 What would you do differently if you wanted to start this project again?

-

Higher consultancy fees would be required due to the added layer of administration
and extra cost of complying with the LBC and Green Star requirements.

-

Extra premium is required for the building contractor for material tracking and red
lists.

-

Mechanical/hydraulic services design should be developed and agreed with the
client at a much earlier phase.
 Result
This is one small effort to make a difference. Hopefully, the development of SBRC
becomes a central hub, which lights the path ahead and inspires others to follow.
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Interview with the SBRC ESD consultant

 Role
Environmentally Sustainable Design (ESD) consultants for the SBRC project are
responsible for:
-

Providing ESD advice and computer simulation such as modelling the predicted
energy consumption, daylight levels, solar glare and thermal comfort within the
occupied areas;

-

Renewable energy system sizing studies;

-

Recycled water sizing calculations;

-

Management of the Green Star Design rating;

-

Guidance to achieve Living Building Challenge Status in operation.

The interviewee is leading the ESD services on the project and she started her job in this
project in July 2011.
Many of the design strategies were already set by the time I arrived. The architect had
appointed (a different ESD consultant was appointed initially), which limited the
amount of input by the ESD consultants. Other design strategies were less developed
than would be ideal at that stage of design, which meant that the ESD consultant had to
undertake extensive computer modelling and calculations in a short period, in order to
verify that the design approaches and systems would achieve the targeted environmental
performance and ratings.
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 Vision
The vision for SBRC is to get as close as possible to being a ‘restorative’ building, that
is, having a net positive impact on the environment. Most buildings today have a
considerable negative impact and even current best practice ESD development is still far
from being sustainable. Living Building Challenge status is considered world leadership
and an Australian first. The SBRC will raise awareness of restorative buildings and
encourage other projects to achieve similar performance by demonstrating that it is
possible.
Commitment to the vision and clear processes for monitoring and tracking performance
is the most important factor for designing the project. An extremely committed client
has made it much more likely that the vision will be delivered. Moving forward, it is
crucial that the consultant team, contractors, and the client work together and
communicate to ensure that the project is on track in terms of its objectives.
 Challenges
The Living Building Challenge has never been attempted in Australia, and still contains
many American references, standards and assumptions. In addition, Australia has a
limited manufacturing industry and it is a challenge to find locally sourced products that
meet the LBC requirements. Supply chains in general are difficult to track and
information extract regarding products and materials is difficult to extract. The cost is
also a constraint in terms of achieving self-sufficiency in water and energy albeit the site
was well-suited to this.
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 Sustainability
LBC and Green Star must be achieved but the LBC rating is the more stringent
requirement and requires Green Star targets to be exceeded in many cases, for example
the LBC does not allow the use of PVC in buildings while the Green Star rating tool
still allows ‘Best Practice Certified PVC’ to be used.
If you were to start this project again would do anything differently?
Put the right processes in place from the start and conduct modelling in the early stages
to inform the design. Consider embodied energy at the beginning of the project to
influence building materials chosen.
 Advice
-

Avoiding the use of resources should be the starting point for the building form,
envelope and services, followed by efficiency to minimise resource requirements
such as energy, water, and materials. The environmental design features and
technologies should be well-integrated. Specific requirements shall be well
documented and their design, cost and program implications well understood.

-

The ESD initiatives must be well-documented and built into the contract so that the
builder is obliged to deliver the building as intended, and properly commissioned to
ensure that it operates as intended with optimum efficiency.

-

Collaborate as much as possible to share knowledge between LBC projects. As
many of the LBC requirements have not been done before in building projects,
considerable time and resources could be saved by learning from other projects.
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Interview with the SBRC IT manager

 Role
The interviewee is an IT Project manager. She started work with UOW in January 2011,
and therefore has not had much involvement with the SMART Infrastructure facility.
Her role at the SMART Infrastructure Facility was to physically coordinate HDR
students into the building and set the computers.
Her formal role with the University in May 2011 as an IT project manager is related to
the SBRC project and she continued in this job in 2012 on another contract. One of her
projects last year was an-SBRC stage 1 paper from an IT design perspective.
SBRC team recognised it had not used standard IT solutions for the building used
unnecessary cabling in the building. Achieving Net Zero Energy needed different
solutions for all aspects of the project. From an IT aspect, the solution was to engage the
consultant, the technology group and the architect to design the high level design IT
infrastructure and the way it is going to be implemented. A lot of ideas about low
energy IT infrastructure came from the consultant.
One important aspect of the project was to make sure that the system would work
properly and work with the rest of the UOW IT network. The outcome for that project
was a high level design paper. Stage 2 of the project is not a standard IT project fit-out.
This stage looks at taking the high level IT design and continues working on it to get a
final design for implementation. At this stage the active network equipment needed to
be specified and the delivery timeline understood, and this needed to be coordinated
with the construction schedule. So the timeline for providing active equipment and
incoming services is for mid-November. The timeline for moving in is April 2013,
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which comes with a desktop solution and end user equipment. Her role at the moment is
to coordinate between the IT delivery and construction project.
Therefore, she is more involved in the SBRC project rather than the SMART
Infrastructure facility because she is responsible for liaising for constructing the
buildings by FMD or Innovation Campus.
 Vision
For the SMART Infrastructure Facility, the SMART’s project manager and his team
would have to work with network engineers and network infrastructure group to look at
what common spaces look like and what equipment was going to be used in the building
but the SBRC project is different from that.
The IT system for the SMART Infrastructure facility was not so much about
sustainability. IT for SBRC is more holistic and there is a greater look at the building
fabric, building IT and etc. Subsequently, there are more challenges. In terms of IT
infrastructure, the SMART facility is more standard and the equipment is generally a
standard set up.
 Challenges
1. The IT requirement and design is different for SBRC. It is different from the
standard way and that is a challenge. The equipment to be used in this building is
different from other buildings and how it will work and behave is unknown. So, in
the SBRC project, the building itself is a challenge.
2. The building is going to work with other buildings and needs to fit to major
backbone infrastructure of the Innovation Campus and UOW.

245

Appendices

3. The technology used in this building is untested and new from a UOW perspective
and even it needs to work with other buildings. In this building it is essential to
incorporate BMCS (Building Management Control System) into the IT system. In
traditional projects, the IT system and BMCS are kept separate from each other. So
how these systems are going to interact and how they are going to work together is
unknown. There are some experienced people in the team who have provided input
about things that do not work or might not work, based on their previous experience.
4. Another challenge is to minimise the use of equipment. It is essential to use low
energy materials, so the options are constrained, and if the new equipment does not
work, different options might need to be taken to make sure that it does work. In this
project, everyone is learning together since no one has any previous experience.
Therefore, the project has taken this into account with a generous timeline for
commissioning the building.
5. Understanding the customer’s IT needs is a challenge for most projects, especially
for the SBRC project. It is easy for a project manager to mention the aims but
satisfying the customer’s need is a challenge. As an example, at a very standard
building like the Kooloobong accommodation at UOW, the needs of the students
who moved to the rooms are obvious and it is just replicating the work which was
done in the past. But for the SBRC project, only 3 or 4 people who are moving into
the building are known, at this stage the rest are unknown, so understanding their
needs and matching that with an IT solution is very hard because it is very
experimental.
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6. Thinking about the IT solution for a period of time is another challenge because the
IT solution for an office needs to work at the moment but it needs to be relevant in
5-20 years as well.
7. Coordinating between IT and building construction is always a challenge because
the building construction will not stop for IT, so the IT system needs to fit in with
the building timeline.
8. There are one or two critical weeks at the end of the construction schedule because
the IT equipment is needed to operate the building management system for building
security, and opening and shutting doors, etc. The building is not secure and
complete until the equipment has been put in.
 How to make sure project is on time and budget?
The SBRC project manager is responsible for this duty. After a high level design was
complete and building construction started, the project manager focused on construction
issue. The Project manager has begun making the contact again and there are regular
monthly meetings to discuss the status of the project and tracking to make sure the
project is on time. In addition, the project manager gives the target dates of November
and April for the major parts of the IT work. The benefits of the meetings are that
everyone makes sure that they are relevant and if it is running behind schedule, there
would be more chance to fix things up.
 Green Star and LBC
Achieving Green Star certification and LBC certification is difficult for the University.
LBC is a great challenge, which it can be used as a preferred concept at the start to
replicate a low energy solution for other new buildings.
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The IT manager believes that LBC and Green Star are constrained with their aims,
which mean they are very prescriptive and need lots work, and lots of details and proof
before issuing a certificate, while their value to the University has not been confirmed.
Because some of the measurement systems for Green Star and LBC are so prescriptive
they can get away from focusing on the needs of the people who use the building just
because of certification. As an example, the louvres for the SMART Infrastructure
facility caused difficulties when students moved into the building. So, in some aspects
getting a balance between getting Green Star point and a building that works for the
users is difficult. Thus all around the world there is a long way to go to achieve a system
that acts for both; that creates a great building that is good for people to be in as well as
meeting the targets for a low energy building.
For the SMART Infrastructure building the project manager had a lot of challenges with
Green Star paper work. For the SBRC project the project manager had a clear energy
target around the IT and asked all the team to go for that aim.
 What would you do differently if you wanted to start this project again?
IT team could be engaged better and earlier because IT is such a critical part of the
building. It is still difficult to come to the end and meet the timelines.
 Cost
It is impossible to compare the cost of the IT system for the SBRC project and the
SMART Infrastructure facility at this stage and reach the result that the cost of the IT
system for the SBRC project is more than the SMART Infrastructure facility. At this
stage only the cost of models and equipment has been set out, but the hidden cost such
as people’s time cannot be accounted for, for instance the time that somebody spends
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researching to find the right amount of equipment, and then understand how it works
and get it to work.
 Advice
It is very important to have experienced people in the team who have done the same job
before, if possible. It is so difficult to do the work which is new industry and untested
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